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ABSTRACT 


investigations  of  the  chemical  composition, 
diagenetic  changes  and  fossil  remains  have  been  conducted 
on  cores  and  cuttings  samples  from  the  Sturgeon  Lake, 
Normandville  and  Clairmont  Upper  Devonian  reef  complexes. 

By  integrating  the  results  obtained  with  regional  strati¬ 
graphic  features,  suggestions  are  postulated  as  to  the 
basinal  orientation  of  the  reefs  and  their  tectonic  history. 

It  is  apparent  that  reefs  developed  at  Sturgeon 
Lake  and  Normandville  on  gently  subsiding  platforms  in 
clear,  shallow  basinal  environments.  The  Sturgeon  Lake 
reef  complex,  which  is  remarkably  thick,  massive  and  homo¬ 
geneous  lithologically,  is  indicative  of  stable  conditions 
during  deposition;  in  contrast  to  the  less  stable  conditions 
indicated  by  cyclic  phases  of  deposition  in  the  Normandville 
complex.  The  diagenetic  features  of  the  Clairmont  and 
western  off  reef  Sturgeon  Lake  sediments  suggest  a  stable 
shelf  or  a  restricted  back  reef  depositional  environment. 

Reef  development  appears  to  have  been  abruptly 
terminated  by  a  major  diastrophic  event,  followed  by  undu¬ 
lating  platform  conditions.  A  slight  pivoting  about  the 
Peace  River  high  and  moderate  tilting  into  the  Cordilleran 
geosyncline  was  the  final  tectonic  stage  in  the  orientation 
of  the  reefs. 
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CHAPTER  1 

INTRODUCTION 


General  Statement 

Since  oil  was  discovered  in  the  Sturgeon  Lake 
area  by  the  drilling  of  the  Amerada  Crown  "0"  F33-32  well 
in  May  of  1952,  considerable  controversy  has  resulted 
throughout  the  industry  as  to  the  association  or  disassocia- 
tion  of  the  Sturgeon  Lake,  Normandville  and  Clairmont  reef 
complexes.  Controversial  also,  is  whether  they  embody  a 
continuous  reef  mass  or  whether  Clairmont  and  Normandville 
are  part  of  a  large  fringing  reef  around  the  Peace  River 
Pre-Cambrian  high  with  Sturgeon  Lake  constituting  an  inde¬ 
pendent  barrier  reef  in  the  deeper  regions  of  the  Wood bend 
(Ireton)  green  shale  basin.  Another  trend  of  thought  is 
that  the  Sturgeon  Lake  complex,  lacking  in  evidence  of 
organic  origin,  is  merely  a  facies  change  in  the  Ireton 
green  shale  sediments  resulting  from  chemical  deposition 
rather  than  a  true  biohermal  reef  development. 

It  was  hoped  by  the  author  that,  by  applying 
quantitative  laboratory  techniques  to  the  study  of  these 
complexes,  it  could  be  established  whether  they  were  actual 
biohermal  reef  masses  of  organic  origin  and  if  the  complexes 
held  a  common  basis  for  correlation.  Also,  suitable  tech¬ 
niques  were  sought  which  would  reveal  their  diagenetic 
history. 

An  index  map  is  presented  (see  Figure  1,  following 
p.  1)  showing  regional  orientation  of  the  above  areas  of 
reef  development. 
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Methods  of  Investigation 

Considering  the  physical  and  chemical  processes 
due  to  environment  which  are  involved  in  the  deposition  of 
sediments  and  considering  the  constituents  of  the  sediments 
to  be  investigated,  laboratory  methods  were  sought  which 
would  prove  most  suitable  to  a  diagenic  study  of  the  reef 
complexes . 

Since  a  deficiency  of  fossil  evidence  and  heavy 
minerals  was  anticipated  in  the  sediments  concerned,  a 
quantitative  chemical  investigation  of  soluble  and  insoluble 
components,  in  addition  to  a  microscopic  study  of  the  struc¬ 
tural  and  textural  features,  was  considered  to  be  the  most 
practical  approach  to  a  study  of  their  diagenic  history. 

The  chemical  composition  of  the  marine  environ¬ 
ment  during  deposition  should  be  transmitted  throughout  the 
sediments.  A  quantitative  determination  of  the  mineral 
components  should  serve,  along  with  an  analysis  of  the  in¬ 
soluble  residues,  as  an  indication  to  the  sedimentary  envi¬ 
ronment.  A  quantitative  chemical  investigation  of  the 
major  constituents  of  the  sediments  and  insoluble  residues 
was  therefore  undertaken  for  the  determination  of  limestone, 
dolomite,  anhydrite  and  pyrite. 

The  character  and  history  of  a  sediment  is  also 
revealed  in  a  study  of  its  textures  and  structures.  The 
texture  or  fabric  of  a  sediment  refers  to  its  physical 
make-up  as  distinct  from  its  mineral  or  chemical  composition. 
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Variations  in  the  chemical  and  mineral  composition,  tex¬ 
tural  differences  and  other  morphological  features  produce 
structures.  Structures  can  be  mechanical,  chemical  or  or¬ 
ganic  in  origin  and  are  indicative  of  the  environmental 
conditions  of  deposition  and  to  the  effects  of  tectonic 
forces.  A  study  of  the  textural  and  structural  features 
of  the  sediments  was  undertaken  from  polished  and  thin 
sections  of  representative  samples. 

Various  staining  techniques  have  found  practical 
application  in  the  study  of  textures  and  structures  by  pre¬ 
vious  investigators.  The  Otto  potassium  chromate  stain,  as 
detailed  by  Krumbein  and  Petti john  (1938),  was  employed  in 
the  study  of  the  polished  sections  to  intensify  the  textural, 
structural  and  fossil  remnant  features. 

It  was  attempted,  therefore,  to  unveil  the  dia- 
genetic  history  of  the  Sturgeon  Lake,  Normandville  and 
Clairmont  reef  complexes  through  a  study  of  their  chemical 
composition,  insoluble  residues,  textures,  structures  and 
fossil  remnants. 

Definition  of  Diagenesis 

Diagenesis,  as  defined  by  Twenhofel  (1939)>  and 
cited  by  Krumbein  (19*+2),  is  as  follows: 

"Diagenesis  includes  all  modifications  that  sedi¬ 
ments  undergo  between  deposition  and  lithif ication  under 
conditions  of  pressure  and  temperature  that  are  normal  to 
the  surface  or  outer  part  of  the  crust  and,  in  addition, 
those  changes  that  take  place  after  lithif ication  under  the 
same  conditions  of  temperature  and  pressure  which  are  not 
katamorphic  in  character  so  that  their  effect  is  delithifi- 
cation. " 
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This  definition  embodies  modifications  previous 
to  advanced  sedimentary  lithification  and  also  includes 
the  relations  of  sediments  to  organisms  and  to  sedimentary 
environment . 


Definition  of  an  Organic  Reef 

W.  H.  Twenhofel  (1950)  defined  an  organic  reef 


as  follows: 

"An  organic  reef  or  bioherm  is  an  aggregate  of 
organic  materials  of  significant  dimensions  built  in  part 
by  colonial  organisms,  mainly,  but  not  necessarily  marine, 
that  lived  near,  but  below  the  surface  of  the  water  (there 
may  have  been  some  exposure  at  low  tide)  and  constructed 
of  exoskeletal  matter  that  became  more  or  less  adherent  to 
previously  formed  similar  matter.  Nooks  and  depressions 
between  the  structures  made  bj^  the  colonial  organisms, 
which  may  have  as  much  space  as,  or  greater  than,  the  struc¬ 
tures  made  by  them,  formed  excellent  dwelling  places  for 
non-colonial  organisms  which  sought  these  places  for  pro¬ 
tection  or  food.  Organic  reefs  develop  large  vertical 
dimensions  as  compared  with  dimensions  of  adjacent  contem¬ 
poraneous  deposits.  Organisms  which  are  responsible  for 
this  somewhat  rigid  framework  of  a  reef  are  permanent 
dwellers  on  it  and  their  exoskeletons  remain  to  take  a 
part  in  it  after  their  deaths.  As  the  structure,  developed 
by  the  building  of  forming  organisms,  has  a  considerable 
rigidity  it  does  not  change  volume  under  the  weight  of  an 
overburden  placed  upon  it.  In  a  sense  the  complete  struc¬ 
ture  is  reinforced  by  the  overlapping  colonial  growths  and 
this  reinforcement  enables  the  accumulation  to  grow  upward 
and  at  much  steeper  angles  than  is  possible  for  most  sedi¬ 
mentary  materials  and  certainly  for  all  clastic  materials. 
Inclinations  beyond  the  vertical  are,  therefore,  possible. 
Contacts  of  a  reef  with  marginal  sediments  are  irregular 
and  at  angles  that  are  not  possible  with  ordinary  sediments." 

The  favorable  environmental  conditions  for  vigo¬ 
rous  reef  development  are  worthy  of  mention  because  of 
their  direct  effect  upon  diagenetic  processes.  These 
general  conditions  are  as  follows: 

1.  Continuous  submergence  contemporaneous  with  reef 
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build-up  (except  for  spasmodic  emergence,  during  tides, 
for  example). 

2.  Suitable  salinity  and  water  temperature  for  the  propa¬ 
gation  of  reefal  organisms. 

3.  Clear,  placid  waters  providing  an  atmosphere  free  of 
marine  muds,  containing  free  oxygen  and  transmitting 
sunlight  which  is  essential  to  the  sustenance  of  cer¬ 
tain  organisms;  particularly  the  algae. 

k.  The  depth  of  water  favoring  reef  growth  is  generally 
considered  to  be  less  than  200  feet  due  to  the  reefal 
organisms*  demand  for  sunlight,  free  oxygen  and  restricted 
temperatures . 

Within  the  perimeter  of  these  definitions  a  study 
of  the  diagenetic  history  of  the  Sturgeon  Lake,  Normandville 
and  Clairmont  sediments  was  undertaken. 

Previous  Work 

Although  considerable  exploration  has  been  con¬ 
ducted  in  northwestern  Alberta,  and  some  general  geological 
concepts  have  been  formulated  and  published,  little  detailed 
work  has  been  published  on  these  specific  areas.  Those 
authors  who  have  contributed  to  a  knowledge  of  the  general 
tectonics  and  geology  of  the  areas  are  mentioned  in  the  en¬ 
suing  discussion. 

In  Webb's  (1951)  summary  report  of  the  geological 
history  of  the  Western  Canada  plains,  an  outline  of  the 
general  tectonics  of  Northwestern  Alberta  was  included  and 
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reference  made  also,  to  the  stratigraphy  and  stratigraphic 
relationships  in  the  area, 

Belyea  (1952),  in  her  notes  on  the  Devonian  sys¬ 
tem  of  the  north-central  plains  of  Alberta,  made  certain 
interpretations  of  the  stratigraphy  of  the  general  area 
with  particular  emphasis  on  facies  changes. 

An  isopach  map  and  facies  study  of  the  Elk  Point 
formation  was  published  by  Workman  (1953 )>  which,  in  addi¬ 
tion,  outlined  the  tectonics  of  Northwestern  Alberta  at 
the  end  of  Elk  Point  time. 

Wonfor  and  Andrichuk  (1953)>  in  their  report  of 
the  Stettler  area,  extended  their  discussion  of  the  Devonian 
geological  history  to  include  the  northwestern  plains  area 
of  Alberta  during  Upper  Devonian  time. 

A  brief  discussion  of  the  influence  of  the  Peace 
Diver  high  on  the  configuration  of  the  Ireton  green  shale 
basin  was  presented  by  Storey  (1953)  with  an  accompanying 
map  of  the  general  structural  framework  of  the  basin. 

In  their  zonation  and  discussion  of  the  diastro- 

phic  significance  of  certain  Devonian  fauna,  Warren  and 

c, 

Stelk  (195*+)  suggested  a  sequence  of  tectonic  events  based 
on  faunal  implications,  which  are  applicable  to  reefing 
conditions  in  the  Ireton  green  shale  basin  of  the  areas 
concerned . 

In  their  discourse  on  Devonian  reef  distribution 
in  Alberta,  Downing  and  Cooke  (195*+)>  referred  to  the  areal 
extent  of  reef  development  as  effected  by  the  Peace  River 
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land  mass  and  other  reefal  platforms. 

Newland  (195*0  interpreted  reef  development  in 
Alberta  in  respect  to  basinal  configurations  and  facies 
changes.  General  reference  was  also  made  to  the  shelf  and 
platform  areas  which  favored  reefing  conditions. 
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CHAPTER  2 

STRATIGRAPHY  OF  THE  STURGEON  LAKE;, 

NORMANDVILLE  AND  CLAIRMONT  AREAS 

General  Stratigraphy 

The  generally  accepted  Upper  Devonian  correla¬ 
tions  of  the  central  plains  and  Northwestern  Alberta  sec¬ 
tions  with  the  Jasper  type  section  is  outlined  by  Storey 
(1953)  as  follows: 


JASPER  TYPE  SECTION 

CENTRAL  PLAINS  AND  N.W.  ALBERTA 

Formation 

Formation 

Formation 

Member 

PALLISER 

--.^jqOSTIGAN 

MORRO 

WABAMUN 

FORMATION 

D  1 

^  - 

_ _ ALEXO 

MOUNT 

WINTERBURN 

FORMATION 

Graminia 

Calmar 

Nisku  (D2) 

FAIRHOLM 

_ HA MK _ 

PERDRIX 
_ _ (FIDDLE) 

WOODBEND 

FORMATION 

Ireton  (green 
shale) 

Leduc  (D3) 

FLUME 

Duvernay 

Cooking  Lake 

BEAVERHILL 

LAKE  FORMATION 

The  Graminia,  Calmar,  and  the  Cooking  Lake  members, 

and  the  Beaverhill  Lake  formation  are  not  clearly  defined  in 

& 

the  areas  concerned.  According  to  Warren  (19 55)  >  the  Fiddle 


*  Personal  communication. 
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to  be  fragmental  and  oolitic  in  part.  It  has  a  general 
thickness  of  750  feet  in  the  Sturgeon  Lake  area  and  thickens 
to  900  feet  in  the  Clairmont  and  Normandville  areas. 

The  Upper  Devonian  formations  are  truncated  in 
a  general  north-south  trend  to  the  east  of  the  Ireton 
isopach  map  area.  The  pinch-out  line  of  the  Trias sic  and 
truncated  edge  of  the  Permo-Penn.  are  shown  in  the  map 
area. 

General  Tectonics 

As  discussed  by  Webb  (195*0  and  Goodman  (195*0* 
the  tectonic  units  which  influenced  Upper  Devonian  reefing 
in  Northwestern  Alberta  were  the  positive  Pre-Cambrian 
high  land,  referred  to  as  the  Peace  River  high,  which  dips 
rapidly  in  partially  defined  directions  into  the  Woodbend 
(Ireton)  green  shale  basin.  The  Peace  River  high  was 
known  to  influence  basinal  configurations  through  such 
features  as  faulting,  warping  and  tilting,  and  to  have 
been  the  source  area  for  a  series  of  re-worked  Pre-Cambrian 
sediments  called  "granite  wash"  which  blankets  the  basin 
and  ranges  in  thickness  up  to  300  feet  in  its  deeper  regions. 
The  Peace  River  high  was  inundated  in  Upper  Devonian 
(Wabamun)  time  by  the  rising  of  the  sea  level  and  by  its 
gentle  subsidence  and  tilting  into  the  Cordilleran  geo¬ 
syncline.  The  basin  shallowed  gradually  to  the  east  onto 
an  expansive  bench  which  trended  northwest  -  southeast. 
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In  Wood bend  time  favorable  conditions  for  reef 
development  existed  in  the  fringing  shallow  water  platform 
areas  around  the  Peace  River  high,  as  evidenced  by  the 
Normandville  complex  in  particular,  and  by  other  Devonian 
sections  studied  in  the  marginal  areas  of  the  high.  The 
Sturgeon  Lake  complex,  however,  is  considered  by  the  author 
to  have  developed  on  a  gently  subsiding  platform  under 
shallow  water  conditions  in  the  basin  proper  and  to  have 
been  primarily  influenced  by  more  regional  tectonic  elements 
than  the  Peace  River  high. 

Nomenclature 

The  names  Normandville,  Clairmont  and  Sturgeon 
Lake  reefs  have  been  used  to  define  the  Upper  Devonian 
reef o id  member  as  it  is  found  in  the  respective  areas.  The 
names  were  devised  by  the  oil  companies  concerned  to  neces¬ 
sarily  distinguish  these  reef  masses.  Although  tentative 
correlations  are  made  between  these  sections  and  also  with 
Upper  Devonian  reefs  in  the  central  plains  area,  no  sound 
basis  has  been  found  to  date  to  definitely  establish  either 
a  local  or  regional  correlation.  The  use  of  specific  names, 
therefore,  is  warranted. 

Exploration  companies  in  the  area  have  used  the 
Upper  Devonian  nomenclature  as  initiated  by  Imperial  Oil 
Limited  in  the  central  plains  area  and  the  Leduc  oil  field 
in  particular.  The  use  of  this  nomenclature  in  Northwestern 
Alberta  has  led  to  criticism  of  its  reliability  by  some  fac¬ 
tions.  Although  some  Winterburn  members  are  missing  in 
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Northwestern  Alberta,  the  nomenclature  has  proved  satis¬ 
factory  regardless  of  the  possible  error  assumed  by  a 
similar  use  of  an  alien  nomenclature  from  an  uncorrelated 
area. 

Location  of  the  Sturgeon  Lake,  Normandville 
and  Clairmont  Reefing  Areas 

The  areas  are  located  within  the  bounds  of  Town¬ 
ships  68  to  79>  inclusive,  and  Range  21  West  of  the  5th 
Meridian  to  Range  5  West  of  the  6th  Meridian,  in  the  general 
region  of  Northwestern  Alberta.  The  names  of  the  areas,  as 
used,  refer  to  their  specific  locales.  (See  Figure  2,  fol¬ 
lowing  p.  10. ) 

Well  locations  from  which  samples  were  studied 
are  as  follows: 


Well  Name 

Imperial  Clairmont  No.  1 
Amerada  Crown  MADM  7- 19 
Amerada  Crown  MVW  F32-13 
Amerada  Indian  Reserve  "A"  13-6 
Amerada  et  al  Crown  "Yn  2-11 
Amerada  Crown  "0"  F33-32 
Imperial  Normandville  No.  2 


Location 


16  - 

25  - 

72  - 

-  5 

w6 

7  - 

19  - 

69  - 

-  25 

W5 

10  - 

13  - 

70  - 

-  25 

w5 

13  - 

6  - 

70  - 

-  23 

W5 

2  - 

11  - 

69  - 

■  22 

w  5 

7  - 

32  - 

71  - 

-  23 

W5 

10  - 

20  - 

79  - 

-  22 

W5 

•  •  • 
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CHAPTER  3 
CHEMICAL  ANALYSIS 


General  Statement 

Conventional  quantitative  methods  of  chemical 
analysis  have  been  used  by  numerous  investigators  in  the 
study  of  limestones,  dolomites  and  insoluble  residues. 
Investigations  of  particular  note  were  made  by  Judd  (1904), 
Steidtmann  (1911),  and  Tarr  (1919)  in  their  studies  of  dolo- 
mitic  leaching  and  the  period  of  dolomitization;  and  by 
Griffin  (1942)  and  Thiel  (1946),  in  work  on  the  physical 
properties  and  petrographic  characteristics  of  limestones 
and  dolomites. 

In  the  past,  time  consuming  techniques  retarded 
the  use  of  quantitative  analysis  in  the  study  of  sediments 
and  consequently  more  functional,  yet  accurate,  methods  of 
analysis  have  been  sought.  A  chelating  agent  known  as  di¬ 
sodium  versenate  (versene)  which  was  prepared  by  Ender,  as 
cited  by  Bersworth  (1951),  was  used  by  Cheng,  Kurtz  and  Bray 
(1952),  for  the  quantitative  determinations  of  calcium,  mag¬ 
nesium  and  iron  in  sediments.  More  recently,  Chilingar  (1953) 
used  the  versenate  method  in  the  analysis  of  3000  limestone 
and  dolomite  samples  and  reported  favorable  agreement  of  this 
method  with  standard  wet  techniques. 

Upon  reviewing  the  satisfactory  results  previously 
obtained  in  the  use  of  the  versenate  method  for  limestone, 
dolomite  and  iron  determinations  it  was  adapted  to  the  inves¬ 
tigations  undertaken  by  the  author. 
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Standardization  of  Versene  (Disodium  Versenate ) 

A  standard  solution  of  suitable  molarity  for  the 
following  determinations  was  made  up  by  the  solution  of 
approximately  10  grams  of  disodium  versenate  in  1  litre  of 
distilled  water.  The  solution  was  standardized  in  quanti¬ 
ties  of  16  litres. 

The  molarity  of  the  solution  was  established  by  stan¬ 
dardization  against  calcium  carbonate  which  was  99.3  +  or  - 
0.1*  percent  pure.  Three  separate  quantities  of  0.1000  grams 
of  chemically  pure  calcium  carbonate  was  weighed  (+  or  - 
0.0005  grams)  and  dissolved  in  10  millilitres  of  concentrated 
hydrochloric  acid,  to  be  used  as  standard  controls.  To  each 
control  was  added  0.001  grams  of  magnesium  as  a  measured 

dilute  solution  of  magnesium  chloride.  Five  millilitres  of 
* 

buffer  solution  (consisting  of  67  grams  of  ammonium  chloride 
dissolved  in  57 0  millilitres  of  ammonium  hydroxide  and  di¬ 
luted  to  1  litre)  were  added  to  each  control  along  with  erio- 
chrome  black  T.  indicator.  The  controls  were  titrated  with 
versene  until  a  medium,  clear  blue  end  point  was  reached. 

The  volume  in  millilitres  of  versene  used  in  reaching  the 

end  point  was  designated  as  (V^)  for  calculation  purposes. 

*-»• 

To  three  separate  measured  volumes  of  magnesium 
chloride  (which  contained  0.001  grams  of  magnesium)  was  added 
ammonium  chloride  -  ammonium  hydroxide  buffer  and  indicator 

*  Buffer  was  added  to  adjust  the  p.h.  within  the  range  of  8 
to  9>  whereas  the  direct  use  of  ammonium  hydroxide  tended 
to  make  the  p.h.  too  high. 

**  Forms  a  red  complex  in  the  presence  of  eriochrorae  black  T. 
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as  above,  and  similarly  titrated  with  versene  until  a  medium, 
clear  blue  end  point  was  reached.  The  volume  in  millilitres 
of  versene  used  in  reaching  the  end  point  was  designated  as 
(V2)  for  calculation  purposes. 

The  molarity  of  the  versene  was  calculated  as  fol¬ 
lows  : 

M  (versene)  -■  1000  ^  weight  of  CaCOq  used  in  control 

Vj  -  V2  molecular  weight  of  CaCO^ 


Example : 

M  (versene)  -  _ _ - _ x 

37.25  -  1.29  100,08 


.02776N. 


Checks  were  made  on  the  molarity  of  the  versene 
every  10  days  and  variations  in  the  third  decimal  of  the 
molarity  were  considered  significant. 


Sampling  for  Quantitative  Chemical  Analysis 

The  two  types  of  material  for  analysis  were  drill 
cuttings  and  cores  and  the  sampling  technique  varied  accor¬ 
dingly.  In  the  wells  where  cores  were  taken,  cuttings 
samples  were  dispensed  with  at  the  wellsite.  Coring  provided 
the  better  samples  because  the  material  was  free  from  any 
contamination  due  to  up-hole  cavings  and  recirculated  cuttings. 
Selection  of  samples  from  the  cores  was  more  accurate  since 
lithological  changes  could  be  readily  observed  and,  in  addi¬ 
tion,  errors  in  correlating  samples  with  depth  were  reduced 
to  a  minimum.  Samples  from  the  cores  were  taken  every  5  feet 
for  dolomite,  limestone,  anhydrite  and  pyrite  determinations 
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and  strategically  sampled  through  lithological  differences 
for  additional  determinations.  An  accumulative  gross  sample 
which  varied  from  150  to  200  grams  was  taken  representing  a 
core  fraction  of  generally  homogeneous  lithology.  The  gross 
sample  was  thoroughly  mixed  and  crushed  in  a  mortar  to  a 
desirable  size  of  1/2  centimeter  in  diameter  or  less,  for 
weighing  and  dissolution  in  hydrochloric  acid.  More  active 
solution  of  the  material  was  obtained  in  the  smaller  frag¬ 
ment  sizes  because  of  greater  areal  exposure  to  the  action 
of  the  acid.  The  cuttings  samples,  which  must  be  considered 
as  accumulative  samples  taken  every  5  feet  at  the  wellsite, 
were  integrated  every  10  feet  and  sampled  for  analysis. 

Following  the  crushing  and  mixing  of  the  gross 
sample,  it  was  dried  for  no  less  than  12  hours  under  controlled 
temperatures  of  90  to  98  degrees  centigrade  and,  upon  cooling, 
a  20  gram  aliquot  of  the  gross  was  weighed  to  an  accuracy 
of  +  or  -  0.001  grams.  In  order  to  facilitate  rapid  weigh¬ 
ing  of  the  samples  a  shallow,  elongated,  hexagonal  aluminum 
tray  was  shaped  in  the  dimensions  of  6.5  centimeters  long, 

3.5  centimeters  wide  and  0.2  centimeters  in  thickness,  which 
was  abraised  and  polished  until  it  counterbalanced  a  1  gram 
weight  to  -4-  or  -  0.001  grams.  The  tray  of  the  above  dimen¬ 
sions  was  found  to  contain  20  grams  of  material  in  the  den¬ 
sity  range  of  2.5  to  3.0  for  weighing  purposes.  A  marked 
expediency  was  found  in  the  weighing  of  the  samples  by  use 
of  the  counterbalanced  tray. 

It  was  considered  practical  to  process  at  least 
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20  samples  for  each  phase  of  analysis  since  certain  steps 
were  time  consuming  (i.e.  filtration)  which  resulted  in  in¬ 
efficiency  if  a  lessor  number  of  samples  were  processed. 

As  the  routine  became  more  familiar,  it  was  possible  to  in¬ 
crease  the  number  of  samples  per  phase  of  analysis  to  30. 

Solution  of  Samples  for  Quantitative  Analysis 

The  20  gram  sample  of  material  was  brushed  from 
the  weighing  tray  into  a  300  cubic  centimeter  erlenraeyer  and 
sufficient  chemically  pure  concentrated  hydrochloric  acid 
was  added  to  bring  about  solution  of  the  material.  Macro- 
scopically,  the  material  was  found  to  consist  mainly  of 
dolomite  which,  from  calculations,  would  require  approximately 
*+0  millilitres  of  concentrated  hydrochloric  acid  to  dissolve 
20  grams  of  sample.  It  was  found,  however,  that  an  additional 
10  to  12  millilitres  of  acid  was  necessary  for  complete  di¬ 
gestion  of  the  material. 

Effervescence  was  observed  immediately  upon  the 
addition  of  the  concentrated  hydrochloric  acid  and  was  ob¬ 
served  to  vary  in  intensity  as  a  direct  function  of  the  per¬ 
cent  limestone.  In  order  to  reduce  the  rate  of  reaction  of 
the  concentrated  acid  on  the  insoluble  residue,  100  milli¬ 
litres  of  distilled  water  were  added.  To  complete  the  solu¬ 
tion  of  the  dolomite  it  was  required  to  bring  the  samples 
to  a  gentle  boil  for  at  least  20  minutes  or  until  clastic 
fragments  of  dolomite  were  no  longer  present  in  the  solution. 


After  solution  of  the  material  was  complete  the 
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samples  were  cooled  and  diluted  to  1  litre.  (It  was  found 
in  this  phase  that  any  anhydrite  which  had  resisted  solution 
in  the  concentrated  acid  would  go  into  solution.  In  some 
instances,  where  the  anhydrite  content  was  excessive,  agita¬ 
tion  was  required  to  assist  in  the  dissolution  of  the  anhyd¬ 
rite.)  The  diluted  sample  was  filtered  to  remove  the  in¬ 
soluble  residue  which  was  washed  with  distilled  water  and 
preserved  for  ignition  and  weighing.  (See  Determination  of 
Insoluble  Residue.) 

Determination  of  Limestone  (CaCOQ  and 
Dolomite  (CaCO^.MgCO^ 

For  limestone  determinations  a  5  millilitre  aliquot 
part  was  taken  of  each  sample  and  diluted  to  25  millilitres. 
Five  millilitres  of  ammonium  hydroxide  -  ammonium  chloride 
buffer  was  added  and,  in  addition,  0.02  grams  of  hydro- 
xylamine  hydrochloride  (NH2OH.HCL)  and  0.2  grams  of  potassium 
cyanide  (KCN)  were  added  to  remove  traces  of  transition  metals 
present  which  would  interfere  with  the  reading  of  the  end 
point  of  titration.  Four  or  five  drops  of  eriochrome  black  T. 
indicator  was  added  and  each  sample  was  titrated  with  versene 
until  the  titrated  solution  changed  from  a  red-violet  to  a 
clear,  medium  blue  color  (end  point  is  quite  sharp).  The 
volume  in  millilitres  of  versene  used  in  reaching  the  end 
point  was  designated  as  VCa  for  calculation  purposes. 

For  each  sample  a  10  millilitre  aliquot  part  of 
the  1  litre  solution  was  taken  and  diluted  to  25  millilitres 
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and  0.3  grams  of  ammonium  oxalate  ( NHi^ ) 2  CpO^.^O)  was  added 
to  the  diluted  aliquot,  followed  by  3  drops  of  methyl  red; 
(excessive  methyl  red  tended  to  obliterate  the  blue  color  of 
the  end  point). 

The  diluted  aliquot  was  neutralized  slowly  with 
concentrated  ammonium  hydroxide  (HH^OH)  until  the  solution 
was  slightly  basic.  The  solution  was  allowed  to  stand  at 
least  10  minutes  to  enable  the  precipitation  of  calcium 
oxalate  (CaC20if)  to  reach  completion.  The  precipitate  was 
filtered  from  solution  and  was  washed  3  times  with  a  dilute 
solution  of  ammonium  oxalate  and  ammonium  hydroxide  (0.1  grams 
of  (HHij.) P^us  millilitres  of  ammonium  hydroxide 
diluted  in  300  millilitres  of  distilled  water).  The  wash¬ 
ings  were  allowed  to  accumulate  in  the  filtrate. 

To  the  filtrate  was  added  0.02  grams  of  hydro- 
xylamine  hydrochloride  and  0.02  grams  of  potassium  cyanide, 
and  the  p.h.  was  adjusted  within  the  range  of  8  to  9  by  the 
addition  of  2.5  millilitres  of  concentrated  ammonium  hydroxide. 
Eight  to  10  drops  of  eriochrome  black  T.  indicator  was  added 
and  the  filtrate  was  titrated  with  versene  until  a  clear, 
medium  blue  end  point  was  reached.  (The  end  point  tended 
to  be  slightly  green,  particularly  if  an  excess  amount  of 
methyl  red  had  been  added  previously.)  The  volume  in  milli¬ 
litres  of  versene  used  in  reaching  the  end  point  was  designated 


*  The  calcium  ion  was  removed  for  the  determination  of  the 
magnesium  ion  in  the  form  of  a  precipitate  of  calcium 
oxalate  which  was  discarded. 
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as  (VMg)  f°r  calculation  purposes. 

Calculations : 

Percent  _  (vCa  ~  vMg )  M(versene)  X  mol0  vt,  CaCO^  X  100 
Limestone  "  1000  ^  weight  of  aliquot 

To  simplify  the  use  of  the  above  formula  a  constant 
was  derived  which  was  a  direct  function  of  the  molarity  (M) 
of  the  versene. 

Example:  the  original  molarity  of  the  versene  used  for 
determination  was  0.02776. 

Percent  =  (vCa  -  vMg)  „  0.02776  X  100.08  X  100  = 

Limestone  1000  A  0.100 

2.78  X  (VCa  -  VMg) 

Therefore,  the  constant  -  2.78 

Percent  V^g  M(versene)  X  mol.wt.  CaCO^.MgCO^XlOO 

Ilpl.QP?itg.  lUOO  ^  weight  of  aliquot 

Similarly,  as  above,  a  constant  was  derived  which 
was  also  a  direct  function  of  the  molarity  (M)  of  the  ver¬ 
sene. 

Example :  the  original  molarity  of  the  versene  used  for 

determination  was  0.02776. 

Percent  -  „  0.02776  X  184.40  X  100  -  , 

Dolomite  "  1000  A  0.200  Mg 

Therefore,  the  constant  -  2.56 
It  was  necessary  to  recalculate  the  constants 
whenever  a  change  in  the  third  decimal  was  found  in  the 
molarity  of  the  versene. 
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Determination  of  Anhydrite  (CaSOq) 

For  each  determination,  a  250  millilitre  aliquot 
part  of  the  dissolved  sample  was  taken  and  its  p.h.  was 
lowered  in  the  range  of  1  or  less  by  the  addition  of  2  milli¬ 
litres  of  concentrated  hydrochloric  acid.  Any  transition 
metals  present  were  removed  by  the  addition  of  hydroxylamine 
hydrochloride  and  potassium  cyanide.  The  solution  was  brought 
to  a  gentle  boil  and  a  10  percent  solution  of  barium  chloride 
was  added  slowly  and  with  continual  agitation.  The  solution 
was  then  permitted  to  cool  for  at  least  1  hour  to  enable  the 
precipitation  of  barium  sulphate  to  reach  completion. 

Following  complete  precipitation  the  precipitate 
was  filtered  using  #40  quantitative  paper  and  washed  3  times 
with  hot  distilled  water.  The  precipitate  was  ignited  for 
a  minimum  of  30  minutes  over  an  oxidizing  bunsen  flame  in 
covered  porcelain  crucibles  which  were  previously  weighed 
(+  or  -  .001  grams).  Upon  cooling,  the  precipitate  and 
crucible  were  weighed  and  the  weight  of  precipitate  deter¬ 
mined  . 

Calculations: 


Percent  Anhydrite  = 


weight  of  ppt.  mol.wt.  CaSOh. 
weight  of  aliquot  X  mol.wt.  BaSOq. 


X  100 


A  constant  weight  of  aliquot  was  used  (250  milli 
litres  -  5  grams)  and  it  was  possible  to  derive  a  constant 
for  more  rapid  calculations. 


v'  :  bU:  srU?  A-  ^atcTeascj 

.9iuiBXo  imlasad'oq  bns  ebiToIriootf^ri 
oi^q  01  G  MB  XJtocf  9-IJn93  &  oj- 
bn b  Xlwols  bsbbB  sew 

. 

i  M<  t09T;c  jfrnlq  o  :  niwollo'5! 

;  *j  v  ;  jj-Jlr;  •,  0  ■  .if  b&'isd’Iii  8BW 

0 9  9  •  >  -  t 

>ixo  ns  *i9vo 

. 

.  -  + 

■ 

.  '  •  n  :c 


;  . 


: 5 noli  ■  T  r.ro  [b0 

. 


-  .'Ti;.  )  ; ?.bv  JoupllB  'in  ^ri^l9W  $ri.^aiioo  A 

2  80*1  ^  JtX 

.3r  -.  a  "  o  i'  .7  'vior  'tol 


-  23  - 


V61g 5^000  P-P—  X  25373  x  100  1  11.66  X  weight 

of  ppto 

Therefore,  the  constant  =  11*66 

Determination  of  Pyrite  (FeS^) 

For  each  determination  a  5  gram  sample  was  weighed 
(  +  or  -  0.001  grams)  from  the  original  dried  sample  and  dis¬ 
solved  in  a  minimum  of  concentrated  nitric  acid  (approximately 
10  to  12  millilitres).  Thymol  blue  indicator  was  added 
(which  undergoes  a  color  change  over  an  extremely  low  p.h. 
range  of  from  2  to  3;  when  the  p.h.  is  less  than  1.2  to  2.8 
the  thymol  blue  color  indicator  is  red,  and  at  a  p.h.  greater 
than  2.8  the  indicator  becomes  yellow).  When  necessary, 
additional  concentrated  nitric  acid  was  added  in  order  to 
adjust  the  p.h.  in  the  approximate  range  of  from  2  to  3. 

Final  adjustment  in  p.h.  was  made  by  the  addition  of  an  ap¬ 
propriate  volume  of  15  percent  sodium  acetate, (a  yellow- 
orange  coloration  signifies  the  correct  p.h.).  Ten  milli- 
litres  of  2  percent  salicyclic  acid  was  added  slowly  to  the 
solution  which  reacted  with  the  iron  in  solution  to  form  a 
red  complex.  The  solution  was  titrated  with  versene  until  a 

1  distinctly  yellow  end  point  was  reached.  The  volume  in 
* 

millilitres  of  versene  used  in  reaching  the  end  point  was 
designated  as  Vpe  for  calculation  purposes. 

#  Only  1  millilitre  was  required  for  the  volume  of  sample 
used.  The  excess,  which  was  added  in  error,  did  not  seem 
affect  the  results. 

**  Salicyclic  acid  reacts  with  the  iron  to  form  a  red  complex 
which  is  not  as  stable  as  a  disodium  versenate  -  iron  com¬ 
plex.  The  iron  which  is  bonded  in  the  salicyclic  acid  com- 

plex  reacts  with  the  versene  to  form  a  more  stable  complex 
upon  titration. 


Example : 

Percent 

Anhydrite 
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Calculations: 

Percent  -  ^Fe 
Pyrite 


X 


M(versene)  X  mol,  wt.  FeSg  X  100 


weight  of  sample 


To  simplify  the  use  of  the  above  formula  a  con¬ 


stant  was  derived. 

Example:  the  original  molarity  of  the  versene  used  for 

determination  of  pyrite  was  0.02671. 

Percent  =  vFe  „  0.02671  X  119.8  X  100  = 

Pyrite  1000  x  5.000  O.b'+l  X.  VFe 

Therefore,  the  constant  -  0.641 

Determination  of  Insoluble  Residue 

The  insoluble  residue  from  each  sample,  which  had 
been  filtered  off  the  diluted  1  litre  sample,  (see  Solution 
of  Samples)  was  examined  microscopically  to  determine  its 
general  constituents,  which  were  found  to  consist  predominant¬ 
ly  of  silt,  clay  and  pyrite  with  minor  amounts  of  quartz  and 
bitumen  present.  Considering  the  small  amounts  of  residue 
remaining  it  was  impractical  to  attempt  its  removal  from 
the  filter  paper  and  consequently,  in  view  of  the  stable 
constituents  present  (except  pyrite),  a  weight  determination 
by  ignition  was  undertaken.  A  conversion  factor  was  used  to 
determine,  from  the  calculated  weight  of  pyrite  present,  the 
weight  of  iron  oxide  (oxidized  pyrite  during  ignition)  in 
the  ignited  sample.  The  bitumen,  although  altered,  was  not 
entirely  oxidized  by  the  temperatures  used  in  ignition.  In 
any  event,  the  bitumen  was  a  minor  constituent  which  would 
inappreciably  effect  the  calculations  of  the  percent  insoluble 
residue  in  the  material. 
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The  insoluble  residue  which  was  contained  in  #40 
quantitative  paper  was  ignited  for  a  minimum  of  30  minutes 
over  an  oxidizing  bunsen  flame  in  a  covered  porcelain  cru¬ 
cible  which  was  previously  weighed  (+  or  -  0.001  grams). 

Upon  cooling,  the  precipitate  and  crucible  were  weighed  and 
the  weight  of  insoluble  residue  determined. 

Calculations : 

From  the  percent  pyrite  in  the  sample,  which  had 

been  previously  determined  (see  Chemical  Composition  - 

Appendix  A;  p.p.  *+6-50  ),  the  weight  of  pyrite  present  in 

the  original  20  gram  sample  was  calculated.  This  gram  weight 

of  pyrite  was  multiplied  by  a  conversion  factor  of  z 

,  2(FeS2) 

=  to  determine  the  weight  of  iron  oxide 

(Fe20^)  contained  in  the  insoluble  residue.  By  subtracting 
the  weight  of  iron  oxide  from  the  weight  of  insoluble  residue, 
the  weight  of  constituents  other  than  pyrite  was  calculated. 
The  weight  of  pyrite  was  included  with  the  weight  of  the  other 
constituents  in  graphing  and  tabulating  the  percent  of  in¬ 
soluble  residue;  (see  Tabulated  Results  -  Appendix  A;  p.p. 

46  -  59). 


Determination  of  Calcium  -  Magnesium  Ratios  (Ca/Mg) 

In  the  determination  of  Ca/Mg  ratios,  calcium  was 
considered  to  be  present  in  the  samples  as  dolomite  (CaCO^. 
MgC0^)>  anhydrite  (CaSOi,.)  and  limestone  (CaCO^)  and  the 
magnesium  solely  as  dolomite,  (see  Discussion  of  Possible 
Errors ) . 
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The  Ca/Mg  ratio  for  each  sample  was  calculated  as 


follows: 


CCa  -  mol,  wt.  Ca 


mol.  wt.  CaCO^ 


%  CaCO^  + 


mol.  wt.  CaCO^.MgCO^ 


Mol.  wt.  Ca 


%  CaCO^.MgCO^  + 


mol.  wt.  Ca 


%  CaSO^ 


Discussion  of  Assumptions.  Limitations  and  Possible  Errors 


Since  a  large  number  of  samples  were  to  be  analyzed, 


time  consuming  procedures  such  as  the  use  of  fourth  place 
decimal  accuracies  in  sample  weighing  were  dispensed  with. 
Constant  procedures  were  used  to  restrict  errors  to  a  mini¬ 
mum.  First  place  decimal  accuracies  in  the  calculation  of 
constituent  percentages  were  possible  which  was  considered 
satisfactory  for  comparative  purposes. 

For  practical  purposes,  it  was  necessary  to  make 
certain  assumptions  regarding  the  mineral  components  present 
in  the  material.  It  was  assumed  that  magnesium  was  present 
only  as  dolomite  (CaCO^.MgCO-^)  and  that  such  magnesium 
minerals  as  magnesite  (MgCO^),  brucite  (MgCOH^)  or  kieserite 
(MgSO^.I^O)  et  al,  were  present  in  insignificant  amounts  (hone 
were  identified  in  thin  section).  Calcium  was  regarded  as 

w  n 

Ca  =  percent  of  calcium  in  the  sediment. 

C 

Mg  r  percent  of  magnesium  in  the  sediment. 
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being  present  as  limestone  (CaCO^.),  anhydrite  (CaSO^)  and 
dolomite  (CaCO^.MgCO-^).  The  iron  components  were  considered 
to  be  products  of  a  reducing  environment  and  therefore  for¬ 
mulated  as  pyrite  (FeS2).  Traces  of  ankerite  (iron  rich 
dolomite)  were  observed  in  some  instances,  however,  the  con¬ 
centration  was  considered  to  be  insignificant. 

In  the  quantitative  determination  of  pyrite  (FeS^) 
an  indeterminable  amount  was  probably  dissolved  in  the  con¬ 
centrated  hydrochloric  acid.  It  was  not  possible,  by  the 
methods  used,  to  account  for  the  loss  of  iron  as  a  result  of 
the  solubility  of  pyrite  in  the  acid.  The  error  thereby  in¬ 
curred  was  considered  to  be  slight  and  did  not  appear  to  in¬ 
validate  the  use  of  the  results. 

In  order  to  establish  the  consistency  of  the  end 
points  of  titration  and  to  substantiate  the  accuracy  assumed 
from  calculations,  2  or  3  controls  were  run  on  each  of  the 
first  12  samples.  It  was  found  that  the  accuracy  attained 
was  within  the  calculated  limits  and  only  one  determination 
per  sample  was  subsequently  necessary.  Whenever  an  additional 
16  litres  of  versene  were  standardized  a  number  of  the  samples 
titrated  with  the  new  reagent  were  duplicated  until  the  re¬ 
sults  were  found  to  be  within  the  calculated  limits  of  ac¬ 
curacy. 

Although  the  ignition  method  used  in  the  determina¬ 
tion  of  the  percent  insoluble  residue  constituted  obvious 
errors  in  the  alteration  and  oxidation  of  the  constituents, 
a  more  satisfactory  method  was  not  apparent,  considering  the 
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minute  volumes  of  residue  concerned.  Pyrite  was  one  of 
the  major  constituents  of  the  residues  and  by  the  applica¬ 
tion  of  a  conversion  factor  to  correct  for  its  alteration 
upon  ignition,  it  was  possible  to  calculate  its  percentage 
of  the  residue  in  its  original  sulphide  form. 

The  error  in  the  accumulative  totals  of  the  results 
was  calculated  to  be  +  or  -  0.5  percent. 

Presentation  of  Results 

The  results  are  tabulated  in  Appendix  A,  p.p.  46  - 
59.  The  graphic  results  are  compared  with  the  diagenetic 
features  which  are  presented  in  stratigraphic  sequence  in 
pocket  insert  l.A.  A  stratigraphic  cross-section  comparing 
detailed  features  of  the  reef  complexes  is  presented  in 
pocket  insert  l.B, 
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CHAPTER  4 

FOSSILS  AMD  FOSSIL  REMNANTS  FROM  THE  STURGEON  LAKE 

NORMANPVILLE  AMD  CLAIRMOM1  REEF  COMPLEXES 


General  Statement 

Previous  work  done  in  the  areas  has  generally  con¬ 
cluded  that  the  Normandville  and  Clairmont  sediments  are 
definitely  reefal.  However,  the  lack  of  organic  evidence  in 
the  Sturgeon  Lake  complex  has  resulted  in  two  fields  of 
thought: 

(a)  The  Sturgeon  Lake  complex  represents  a  dolomitized 
limestone  facies  change  in  the  Woodbend  (Treton) 
green  shale  and  is  not  reefal  by  definition. 

(b)  Although  no  distinctive  fossil  evidence  has  been 
discovered,  the  Sturgeon  Lake  complex  is  definitely 
reefal  because  its  outlying  position  in  the  mo^e 
stable  regions  of  the  green  shale  basin  is  not 
congruent  with  such  a  drastic  and  abrunt  litholo¬ 
gical  change.  In  addition,  differential  compac¬ 
tion  of  the  Ireton  green  shale  mantle  has  resulted 
in  an  anomalous  draping  over  the  complex  which  is 

a  typical  condition  associated  with  a  number  of 
other  Alberta  Devonian  reefs. 

An  effort  was  put  forth  by  the  author  to  discover 
sufficient  fossil  evidence  in  the  Sturgeon  Lake  complex  to 
establish  its  organic  origin.  The  investigation  of  possible 
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fossil  remnants  in  the  complex  was  attempted  through  the 
medium  of  polished  and  thin  sections.  In  anticipation  of 
sufficient  fossil  evidence  to  form  a  basis  for  correlation, 
similar  polished  and  thin  sections  were  prepared  from  cores 
of  the  Normandville  and  Clairmont  sediments. 

Selection  of  Petrographic  Specimens 

Cores  from  Amerada  Crown  M0"  F33-32,  Amerada  et 
al  Crown  "Y"  2-11,  Imperial  Normandville  No.  2,  and  Imperial 
Clairmont  No.  1,  were  examined  with  the  aid  of  a  binocular 
microscope  in  search  of  fossil  remnants  or  indicative  struc¬ 
tures.  The  limestone  and  shale  facies  were  given  particular 
attention  as  it  was  assumed  that  fossil  structures  would  be 
best  preserved  in  these  phases.  Material  revealing  shadow 
patterns,  symmetrical  forms  or  other  apparent  remnant  fossil 
structures  was  prepared  for  polished  and  thin  section  study. 

Preparation  of  Petrographic  Sections 

Thin  sections  were  prepared  in  the  usual  manner. 
Polished  sections  were  sized  and  mounted  as  in  the 
preparation  of  the  thin  sections.  The  sections  were  then 
polished  with  Nos.  200  and  ^00  abrasive  powders  on  the  sides 
for  examination  under  direct  and  reflected  light.  Since  a 
suitable  staining  technique  was  to  be  employed  to  enhance 
the  contrast  of  shadowed  and  other  remnant  fossil  forms, 
a  finer  polish  was  not  desirable.  It  was  found  that  a  finer 
polish  on  the  surfaces  to  be  stained  inhibited  their  absor¬ 
bent  qualities. 
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Staining  Technique 

Examination  of  the  original  core  specimens  and  the 
polished  sections  in  direct  light  resulted  in  unsatisfactory- 
identification  of  apparent  fossil  structures.  It  was  con¬ 
cluded  that,  by  the  use  of  a  staining  technique,  better  con¬ 
trast  could  be  attained  between  the  dolomite  ground  mass  and 
the  altered,  fossil  remnants. 

In  an  effort  to  find  a  suitable  stain  the  Heegar 
potassium  ferricyanide  and  copper  nitrate  methods  were  tried 
as  outlined  by  L.W.  Le  Roy  (1950).  However,  the  Otto  potas¬ 
sium  chromate  method,  as  recommended  by  Krumbein  and  Petti John 
(1938)^  was  found  to  provide  the  most  satisfactory  results. 

The  Otto  potassium  chromate  method  employs  a  10 
percent  solution  of  silver  nitrate  in  which  the  polished  or 
thin  section  is  treated  from  2  to  5  minutes  and  subsequently 
washed  with  distilled  water  to  remove  all  traces  of  the  ni¬ 
trate  solution.  The  section  is  then  suspended  in  a  neutral 
solution  of  5  percent  potassium  chromate  for  3  minutes  and 
washed  again  in  distilled  water  and  dried.  Calcite  and 
limestone  was  observed  to  assume  a  red-brown  stain  while 
dolomite  retained  its  original  color.  The  time  of  submer¬ 
sion  in  the  silver  nitrate  was  limited  to  1  minute  which 
produced  a  milder  stain  in  the  calcite  and  limestone  fractions. 
A  more  intensive  staining  had  the  adverse  effect  of  over 
shadowing  and  obliterating  the  remnant  fossil  structures. 

For  examination  of  the  stained  polished  sections, 
the  most  favorable  results  were  obtained  by  the  use  of  a 
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reflection  microscope,.  The  sections  were  dampened  with  water 
which,  upon  reaching  a  certain  stage  of  evaporation,  increased 
the  degree  of  light  penetration,  thereby  unveiling  the  remnant 
fossil  structures.  The  fossil  remnants  which  were  observed 
in  reflected  light  were  sketched  for  photographic  reproduc¬ 
tion.  (See  Appendix  B,  p.p.  6l  -  66.) 

A  study  of  the  thin  sections  for  fossil  remnants 
produced  negative  results.  They  were  preserved  along  with 
the  polished  sections  for  micropetrographic  studies c 
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CHAPTER  5 

MICRO  PETROGRAPHIC  STUDY  OF  POLISHED  AM)  THIN  SECTIONS: 

OF  THE  STURGEON  LAKE , 

NORMA  ND  VI LLE  AND  CLAIRMONT  REEF  COMPLEXES 

General  Statement 

To  determine  the  history  of  a  sediment  a  study 
must  include,  in  addition  to  chemical  composition  and  deter¬ 
minations  of  insoluble  residue  constituents,  such  morpholo¬ 
gical  criteria  as  textural  relationships  between  individual 
components,  inclusions  (authigenic  or  allogenic),  color, 
overgrowths  and  structures.  Such  authors  as  Howell  (1922) 
and  Goldrich  end  Parmelee  (19^7)  made  use  of  these  features 
in  their  diagenetic  studies  of  dolomites  and  limestones 
from  polished  and  thin  sections.  In  view  of  the  diagnostic 
results  they  obtained,  these  features  were  investigated  in 
polished  and  thin  sections  of  the  reef  complexes.  The  sec¬ 
tions  were  prepared  previously;  (see  Preparation  of  Petro- 
graphic  Sections  p.  30). 

An  improved  classification  and  precision  of  nomen¬ 
clature  was  devised  by  the  application  of  quantitative 
values  to  the  textural  studies  of  the  complexes. 

In  studying  the  crystal  features  and  facies 
changes  of  the  sediments  the  Wentworth  grade  scale,  as 
cited  by  Twenhofel  (1926),  was  modified  by  the  author  as 
a  dimension  of  crystal  size. 
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Wentworth  Grade  Scale: 

Very  coarse  grain  (crystalline)  ......  1.0  -  2.0  ra.m 

Coarse  grain  (crystalline)  .  1.0  -  0.5  m.m 

Medium  grain  (crystalline)  . . .  0.5  -  0.25  m.m 

Fine  grain  (crystalline)  . . .  0.25  -  0.125  m.m 

Very  fine  grain  (crystalline)  . .  0.125  -  0.067  m.m 

Cryptocrystalline  . less  than  O.O67  m.m 


Degrees  of  crystallinity  and  crystal  form,  as  de¬ 
fined  by  Tyrrell  (19*+9)  in  his  description  of  textures  in 
igneous  rocks,  were  adapted  by  the  author  for  use  in  the 
microscopic  description  of  textures. 

Degrees  of  Crystallinity  -  Tyrrell 

Holocrystalline  ......  texture  composed  entirely  of 

crystalline  material. 

Merocrystalline  ......  texture  composed  partly  of  crys¬ 
talline  material. 

Holohyaline  ..........  texture  composed  entirely  of 

non-crystalline  material. 


* 


Crystal  Form  -  Tyrrell 


Euhedral  .  crystal  entirely  bounded  by 

faces . 

Subhedral  .  crystal  partly  bounded  by  faces. 

Anhedral  .  absence  of  crystal  faces. 


A  tabulated  chart  and  graphic  representation  in 
stratigraphic  sequence  was  made  of  the  textural  and  struc¬ 
tural  features.  This  method  of  presentation  was  regarded  as 
most  practical  for  purposes  of  comparison.  (See  pocket 
insert  l.A.) 
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CHAPTER  6 


CONCLUSIONS 


Physical  and  chemical  investigations  conducted  on 
the  Sturgeon  Lake,  Normandville  and  Clairmont  reef  complexes 
brought  to  view  certain  conclusions  regarding  their  diagene- 
tic  and  tectonic  history.  The  details  of  investigation  are 
shown  in  tabulated  and  graphic  form  (pocket  insert  l.A.) 
and  in  detailed  cross  section  (pocket  insert  I.B.). 

The  results  are  integrated  or  discussed  separately 
in  order  to  emphasize  certain  implications. 

Chemical  Composition 

Quantitative  chemical  analysis  proved  to  be  in¬ 
effectual  as  far  as  the  correlation  of  stratigraphic  units 
is  concerned.  The  quantitative  results  served  their  most 
useful  purpose  in  clearly  defining  facies  changes. 

As  shown  by  the  work  of  Chilingar  (1953)>  similar 
and  constant  Ca/Mg  ratios  indicate  a  similar  age  of  deposi¬ 
tion  in  a  regionally  stable  platform  area.  Generally  simi¬ 
lar  and.  constant  Ca/Mg  ratios  were  recorded  in  the  Sturgeon 
Lake  and  Normandville  sediments  in  particular.  His  work 
also  showed  that  chemically  precipitated  sediments  have  a 
much  higher  Ca/Mg  ratio  than  do  those  of  organic  origin. 

He  was  able  to  conclude  that  sediments  having  lower  Ca/Mg 
ratios  than  3.35*1  must  derive  a  considerable  portion  of 
their  magnesium  from  organic  sources.  In  applying  this 
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interpretation  of  Ca/Mg  ratios  to  the  results  obtained  by 
the  author,  an  intense  and  persistent  organic  origin  is 
suggested  in  all  three  complexes;  particularly  in  the 
Sturgeon  Lake  reef. 

It  was  observed  that  the  extent  of  dolomitization 
and  crystal  size  is  an  inverse  function  of  the  Ca/l4g  ratio. 
With  reference  to  the  tabulated  data,  the  Sturgeon  Lake  com¬ 
plex  shows  a  particularly  constant  and  advanced  stage  of 
dolomitization  while  the  Normandville  and  Clairmont  sediments 
tend  to  vary. 

Pyrite  was  present  throughout  the  dolomite  com¬ 
plexes  in  both  disseminated  and  concretionary  forms  and  as 
a  replacement  mineral  in  fossil  structures.  Significant 
variations  in  pyrite  concentrations  served  to  indicate  cer¬ 
tain  horizons  of  more  intense  putrefraction  in  a  strongly 
reducing  environment.  As  cited  by  Pettijohn  (19^8),  Ruby 
noted  the  relationahip  between  pyrite,  organic  matter  and 
carbonates  in  certain  Cretaceous  horizons  and  concluded  that 
the  most  favorable  conditions  for  the  formation  and  preserva¬ 
tion  of  these  components  together  was  a  typical  shallow 
water  environment  with  the  rapid  accumulation  and  burial 
of  organic  debris  (i.e.  a  reef  building  environment).  These 
features  are  worthy  of  note  in  that  they  supplement  evidence 
to  be  discussed  favoring  reef  development,  rather  than 
facies  changes,  in  the  sedimentary  history  of  the  Sturgeon 
Lake  complex. 
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Insoluble  Residues 

The  primary  purpose  in  an  investigation  of  the 
insoluble  residues  was  to  conduct  a  comparative  and  correlative 
study  of  the  heavy  mineral  fractions.  The  heavy  mineral  com¬ 
ponents  were  found  to  be  insufficient  and  insignificant  for 
consequental  study.  Infrequent,  fine,  anhedral  crystals  of 
garnet,  tourmaline  and  zircon  were  identified  in  the  residues. 

Higher  concentrations  and  coarser  textures  in  the 
Normandville  and  Clairmont  residues  did  serve  to  indicate 
nearer  shore  conditions  during  deposition  than  those  from 
Sturgeon  Lake.  (See  pocket  insert  l.Ju  -  Insoluble  Residues.) 

Fossil  Remnants  and  Further  Evidence 

of  Organic  Reef  Development 

Altered  and  replaced  colonial  forms  of  Coelenterata, 
Crinoidea,  Bryozoa  and  occasional  algal  remnants  were  iden¬ 
tified  from  the  polished  and  thin  sections.  The  photographed 
sketches  of  these  organisms  are  included  in  Appendix  B,  p.p. 

6l  -  66. 

Although  the  diagnostic  features  of  these  organisms 
were  inadequately  preserved  for  correlation  purposes,  their 
identification  in  the  Normandville  and  Sturgeon  Lake  sections 
further  substantiates  the  belief  that  both  complexes  are 
reefal.  Suggestion  of  a  suitable  shallow  water  reef  building 
environment  is  offered  by  the  identification  of  calcareous 
algal  remnants  in  both  sections.  Additional  evidence  of 
shallow  water  conditions  is  suggested  by  the  intermediate  or 


...  '  .  ■;  .©£  .  f to an  I 

ovidBiac-' oo  £  i"  'tor  od  e  jv  sr  UMiaei  slduloanx 

.  £  ©rid 

t  (  ■  ■  .  £  i  . . 

.  *i  ij  f(..;:  illd/ ■  ui  9*i©v  itoo'i.rs  >nt£  enil  umirod  tdsa*is3 

'•noiv  •.  i93%eoo  bn  i  ano.  i nt  no  onto  i  ri  UH 
ax  od  ©v*i93  bx'b  a  u  jiaet  dnofl  iieiD  bos  9lXivbnsrr.‘ioV 
•  aorid  nand  noxjiaoq9b  :  ui‘t.t.r"»  anoidlbnoo  eioria  aeasort 
.  .  « 

’  ri  ';;«/•  jj  a  J  f l-Brin©; .  Li  a  a cfc 

.> I J •_  .aol': pu.  losF  oxi i; lo 

(  '  r:  d  ->0  lo  a  tol  Cf  xaoloo  JboosXq-  :  i  s  beaadIA 

- 

•  ■  iloq  ©rid  mo<il  bed  lid 

....  >aerid  lo  asriodVa 

.  ..  -  I  i 

•K.'j  V  0  i<  ;  rh  ‘(it  ll  U  ,'jI. 

' 

+  .-i.d  Vi.."  v/  91,'j  i9di-j:daad?.riire  ierid*i»rt 
•d.  ■.  V>  :<(  l  ■  peri  .  " '  a 

ab.»  v.cf  TVilo  ui  dxai  flQlV/c 

. 


-  38  - 


post  reefal  evaporitic  and  pyritic  sequences.  A  final  con¬ 
cluding  fact  that  the  Sturgeon  Lake  complex  in  particular, 
is  truly  a  biohermal  reef  and  not  a  facies  change  in  the 
Ireton  green  shale  is  presented  in  Twenhofel's  (1950)  reef 
definition  in  which  he  stated  that  his  observations  have 
shown  a  more  vertically  inclined  development  to  be  possible 
for  reefs  than  for  most  sedimentary  materials.  The  precipi¬ 
tous  conditions  on  the  Sturgeon  Lake  reef  margins  further 
signifies,  therefore,  a  true  biohermal  reef  development. 
Microscopic  Textures  and  Structures 

These  features  are  detailed  in  a  graphic  and 
tabulated  form  in  pocket  insert  l.A.  Photographs  of  repre¬ 
sentative  textures  are  shown  in  Appendix  C,  p.p.  67-77. 

Following  is  a  brief  comparative  discussion  of 
the  diagenetic  processes  and  their  effects  on  the  Sturgeon 
Lake,  Normandville  and  Clairmont  sediments  as  disclosed 
from  their  textural  properties  in  particular. 

The  process  of  compaction  acting  on  the  Sturgeon 
Lake  and  Normandville  sediments  is  not  apparent  in  their 
textures  and  appears  to  have  been  negligible.  Their  porosity 
and  permeability  are  more  directly  attributed  to  leaching 
rather  than  the  effects  of  compaction.  The  differential 
compaction  and  draping  of  the  Ireton  green  shale  mantle  over 
these  reef  masses  further  indicates  their  resistance  to 
compaction.  The  Clairmont  dolomites,  however,  do  show  the 
effects  of  compaction  processes  in  their  lack  of  effective 
permeability  and  porosity  and  in  their  rude  bedding  and 
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partial  lineation  of  allogenic  debris.  Bedded  structures 
were  notably  absent  in  the  Sturgeon  Lake  and  Normandville 
sediments . 

Metasomatic  dolomitization  and  recrystallization 
is  apparent  in  all  three  dolomitic  sequences  as  evidenced 
by  the  coarse,  euhedral,  holocrystalline  textures  which  are 
particularly  dominant  in  the  Sturgeon  Lake  dolomites.  Allo¬ 
genic  and  authigenic  inclusions  and  crystal  overgrowths  in 
the  Sturgeon  Lake  and  Normandville  dolomites  are  notable 
also  as  features  of  recrystallization. 

Textural  studies  of  all  three  complexes  show 
that  cementation  and  interstitial  mineralization  occurred 
both  contemporaneously  and  after  dolomitization.  Although 
some  of  the  cementation  materials  appear  to  have  been  derived 
authigenically,  the  predominant  mass  of  interstitial  clay, 
fine  silt  and  quartz  is  allogenic.  These  interstitial  con¬ 
stituents  were  coarser,  darker,  more  prominant  and  more  dif¬ 
fused  in  the  Normandville  and  Clairmont  dolomites,  while  the 
Sturgeon  Lake  dolomites  displayed  a  finer,  more  incipient 
matrix  of  a  lighter  color. 

The  cementation  products  in  the  Clairmont  sediments 
are  unique  in  that  variations  in  their  concentrations  and 
color  emphasized  the  rude  bedding  structures. 

Although  differential  solution  processes  were  no 
doubt  important  agencies  during  the  dolomitization  of  all 
three  complexes,  their  effects  were  rarely  observed  in  the 
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coarse,  holocrystalline  texture  of  the  Sturgeon  Lake  sedi¬ 
ments.  Differential  solution  effects  were  obvious  as  tex¬ 
tural  variances  in  crystal  size,  shape,  color  and  composi¬ 
tion  in  the  Clairmont  and  Normandville  dolomites  throughout 
stages  of  incomplete  dolomitization  or  in  minor  facies 
changes.  In  some  instances  a  mottled  appearance  was  observed 
in  the  Normandville  dolomites  as  a  result  of  variable  tex¬ 
tures,  and  varying  concentrations  of  disseminated  iron  and 
silt.  Evidence  of  this  phenomenon  appeared  to  vary  inversely 
as  the  extent  of  recrystallization. 

Authigenic  processes  are  particularly  evident  in 
the  formation  of  the  dolomites  proper  and  in  the  replacement 
mineralization  in  fossil  structures  and  vugs,  which  consists 
of  pyrite,  calcite  and  anhydrite.  Rare  authigenic  feldspar 
aggregates  associated  with  fine  gray  silt  and  clay  were  iden¬ 
tified  in  the  Clairmont  sediments.  The  fine  size  and  anhed- 
ral  shape  of  the  quartz  and  heavy  mineral  grains  designates 
them  as  allogenic  products  of  transposition. 

In  summation,  quantitative  investigations  have 
shown  a  very  similar  diagenetic  history  and  environment 
in  the  development  of  the  Sturgeon  Lake  and  Normandville 
reef  complexes.  By  integrating  their  diagenetic  elements 
with  broader  features  in  the  area  a  better  conception  is 
realized  of  the  basinal  orientation  of  the  reefs  and  their 
tectonic  history;  (see  isopach  map  of  the  Ireton  following 
p.  10).  It  is  apparent  that  reefs  developed  at  Sturgeon 
Lake  and  Normandville  on  gently  subsiding  platforms  in 
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clear,  shallow  basinal  environments.  The  Sturgeon  Lake  com¬ 
plex,  which  is  remarkably  thick,  massive  and  homogeneous 
lithologically,  is  indicative  of  stable  conditions  during 
deposition,  in  contrast  to  the  less  stable  conditions  indi¬ 
cated  by  cyclic  phases  of  deposition  in  the  Normandville 
complex. 

With  further  reference  to  the  Ireton  isopach  map, 
the  diagenetic  features  of  the  Clairmont  and  western  off 

reef  Sturgeon  Lake  sediments  suggest  a  stable  shelf  or  re¬ 
stricted  back  reef  depositional  environment.  Suggestion 
is  made  also  of  a  broad  shelf  extending  from  the  Clairmont 
area  south  and  beyond  the  western  flank  of  the  Sturgeon  Lake 
reef  by  the  sparseness  or  absence  of  marine  sequences  older 
than  Upper  Devonian  along  the  outer  eastern  margin  of  the 
Rocky  Mountain  disturbed  belt. 

A  restricted  and  shallowing  green  shale  corridor 
separating  the  western  margin  of  the  Sturgeon  Lake  reef 
from  the  possible  shelf  area  to  the  west  is  indicated  by  a 
study  of  the  diagenetic  features  of  the  sediments  pertinent 
to  the  area  and  from  an  examination  of  cuttings  samples  and 
electrologs  of  the  Upper  Devonian  from  more  regional  wells. 

Reef  development  appears  to  have  been  abruptly 
terminated  by  a  major  diastrophic  event  which  was  followed 
by  undulating  platform  conditions.  A  slight  pivoting  about 
the  Peace  River  high  and  moderate  tilting  into  the  Cordil- 
leran  geosyncline  was  the  final  tectonic  stage  in  orienta¬ 


tion  of  the  reefs 
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A  stratigraphic  cross  section  of  the  Upper 
Devonian  is  illustrated  in  Figure  3,  following  p.  42, 
which  shows  the  tectonic  elements  and  their  effects  of 
basinal  configuration  upon  the  stratigraphy  of  the  areas 
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STRATIGRAPHIC.  CROSS  SECTIONS : 

Shoving  the  tectonic  elements 
and  their  effects  of  basinal 
configuration  upon  the  strati¬ 
graphy  of  the  Sturgeon  Lake, 
Normandville  and  Clairnont 
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Wabamun  (Limestone) . FSfSPl 

Winterburn  (Dolomite) . , . , 

Woodbend  -  Ireton  (Shale  4  Limestone ).  ,| - , 

-  Reef  (Dolomite) . 1 

Cooking  Lake  4  Beaverhill  Lake 

(Limestone  4  Sha  1  e ) .  »|gggggj| 

Granite  Wssh  (Quartz  4  Feldspar) . r-~. — | 

Pre-Cambrian  (Granite) . , 


Vertical....  1"  =  1000  ft. 
Horizontal..  1"  =  16  mi. 

DATUM  -  top  of  Wabamun 


FIGURE. 3. 


WELLS  -  in  lines  of  section. 

S  ....  Imperial  Spirit  River  No.  1 
C  ....  Imperial  Clairmont  No.  1 
AD  ...  Amerada  Crown  "AD"  7-19 

V  ....  Amerada  Crown  "V"  F32-13 

IR  ...  Amerada  Indian  Res.  "A"  13-6 

Y  ....  Amerada  et  al  Crown  "Y"  2-11 
B  ....  Imperial  Belloy  No.  2 

N  ....  Imperial  Normandville  No.  2 
F  ....  Imperial  Fahler  No.  1 

T  _  Triad  No.  12-16 

0  ....  Amerada  Crown  "0"  F33-32 
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APPENDIX  A 


Chemical  Composition 

Tabulated  results  presented  in 
stratigraphic  sequence. 
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APPENDIX  B 

PHOTOGRAPHED  SKETCHES  OF  FOSSIL  REMNANTS  FROM  THE 
STURGEON  LAKE.  NORMANDVILLE  AND  CLAIRMONT  REEF  COMPLEXES 

The  following  photographed  sketches  were  made  of 
fossil  structures,  fragments  and  remnants  observed  from 

slightly  stained  polished  sections  under  reflected  light. 

The  sketches  of  the  organisms  have  been  idealized  to  some 
extent  and  outstanding  features  emphasized  in  order  that 
they  might  be  portrayed  photographically.  If,  for  example, 
a  partial  hydrocoralline  structure,  consisting  of  laminae 
and  radial  pillars,  lost  its  definition  as  it  transcended 
into  a  shadow  outline,  the  skeleton  was  reconstructed  as 
it  appeared  to  reflect  its  character  from  the  shadowed 
outline. 

As  previously  stated,  the  main  purpose  in  search¬ 
ing  for  fossil  remnants  was  to  establish  whether  the  reef 
complexes,  at  Sturgeon  Lake  in  particular,  were  definitely 
of  organic  origin.  The  observations,  as  recorded,  estab¬ 
lish  this  fact  but  no  further  interpretation,  even  of  genus, 
was  attempted  particularly  as  far  as  correlation  is  con¬ 
cerned  . 

Identification  as  to  Phylum  was  all  that  was 
generally  attempted  as  the  effects  of  dolomitization,  com¬ 
paction,  leaching  and  replacement  had  extensively  altered 
the  organisms o 

Specimen  numbers  refer  to  those  used  in  the  re¬ 
cording  of  textural  features;  (see  Tabulated  and  Graphic 
Data  -  pocket  insert  I.A.). 
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SKKTCHKS  OF 

FOSSIL  REMNANTS  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  CROWN  »QM  F33-32  WELL 


Outline  of  a  gastropod  showing 
a  rude  outline  of  the  spire  and 
body  whorls  » 


Bryozoan  fragment  showing  skele¬ 
tal  outline,  zoaecial  openings 
and  dendroidal  pattern. 


Altered  remains  of  a  crinoid 
calyx  (?)  and  columnal  (?) 
showing  pentagonal  outline  of 
the  plates. 


Indeterminable  organic  remnant 
suggestive  of  a  tabulate  coral* 


PLATE  I 


-62- 


SKETCHES  OF 

FOSSIL  REMNANTS  FROM  THE  UPPER  DEVONIAN  REEF'  COMPLEX 

OF  THE  AMERADA  CROWN  ,,Q,t  WELL 

(Cont  *d ) 


Remnant  laminae  and  radial 
pillars  of  a  hydrocoralline. 


0-26  13. 


Shadowed  outline  of  an  algal  rem¬ 
nant  showing  laminate  structure 
and  shadowed  outline  of  nuclei  (?) 


PLATE  2 
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SKETCHES  OF 

FOSSIL  REMNANTS  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 


OF  THE  AMERADA  ET  AL 


Lobular  remnant,  showing  frag¬ 
ments  of  epithica  (?)  and  in¬ 
ternal  cellular  structure. 


Y-7  X3. 

Possible  distorted  remnant  of  an 
umbilicate  gastropod  showing 
segments  of  the  body  whorls. 


CROWN  2-11  WELL 


1-4  X3. 


Coralline  structure  shewing  tabu¬ 
lae  and  occasional  septa  (?)  which 
has  been  replaced  by  pyrite  and 
calcite. 


Y-ll  X3. 

Algal  remnant  which  has  been  par¬ 
tially  altered  and  replaced  by 
pyrite „  Shadowed  outlines  of 
nuclei  (?)  are  apparent » 


PLATE  3 
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SKETCHES  OF 

FOSSIL  REMNANTS  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  ET  AL  CROWN  "Y"  2-11  WELL 

(Cont ’d ) 


Y-14  X3. 


Corallum  structure  basically 
similar  to  Plasmopora  (a 
colonial  coral) . 


Y-18  X3. 

A  prismatic  corallum  structure 
of  a  colonial  coral. 


Coralline  structure  with  a  re¬ 
ticulate  cellular  pattern  similar 
to  an  elongate  section  of  Stroma- 
topora  (a  hydrocoralline). 


An  indeterjninable  organism; 
similar  to  Bryozoa,  (showing  poS' 
sible  infrequent  zooecial  open¬ 
ings). 


PLATE  b 
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SKETCHES  OF 

FOSSIL  REMNANTS  FROM  THE  UPPER  DEVONIAN  REEF  COI'fPLKX 

OF  THE  IMPERIAL  NORMA. HD VI LLE  NO.  2  WELL 


A  coralline  structure,  showing 
wrinkled  epithica,  corallum  and 
weak  septa. 


Symmetrical  shadow  outline  of  an 
algal  reianant  showing  laminate 
structure . 


N-71  X3. 

A  coralline  structure,  similar  to 
Stromatoporoidea ,  showing  laminae, 
cellular  structure  and  prominent 
radial  pillars. 


Columnal  structure,  similar  to 
Stromatoporoidea,  growing  against 
a  corallite,  showing  13  web  septa 
and  4  long  septa  in  the  half 
cross  section. 


PLATE  5 


-66- 


SKETCHBS  OF 

FOSSIL  REMNANTS  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  IMPERIAL  NORMNDVILLE  NO.  2  WELL 

(GontVd) 


Bryozoan  or  similar  coralline 
structure  which  has  been  highly 
distorted,, 


N-1Q1  X3o 

Distorted  structure  similar  to 
Bryozoa,  showing  an  apparent 
zoaria  segment  with  elongated 
zooecial  openings. 


Symmetrical  outline  of  an  algal 
remnant  showing  an  indistinct 
shadow  of  the  laminated  structure. 


PLATE  6 
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APPENDIX  C 


PHOTOGRAPHS  OF  REPRESENTATIVE  TEXTURES 


AND  DIAGNOSTIC  FEATURES  IN  THIN  SECTIONS 

OF  THE 


STURGEON  LAKE .  NQRMANDVILLB  AND  CLAIRMONT  REEF  COMPLEXES 


The  following  photographs  were  made  of  represen¬ 
tative  textures  or  of  particularly  diagnostic  features 
found  in  the  examination  of  thin  sections  from  the  above 
reefoid  sediments.  A  certain  number  of  insoluble  residues 
were  also  reproduced  photographically  to  present  a  concep¬ 
tion  of  their  general  character  only,  since  they  were  so 
impoverished  in  heavy  minerals  as  to  render  their  investi¬ 
gation  ineffectual. 

Specimen  numbers  refer  to  those  used  in  the 
recording  of  textural  features;  (see  Tabulated  and  Graphic 
Data  -  pocket  insert  I.A.). 
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PHOTQGRAPHS  OF 

TEXTURES  AMD  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 
OF  THE  AMERADA  CROWN  l,011  FI  1-^,2  WELL 


0-1  X80. 

Features:  A  fine  granoblastie 
texture  tending  to  be  crypto crys¬ 
talline  in  part,  also  a  few  small 
vugs  infilled  with  calcite# 


0-5  X80. 

Featuxes:  Holo crystalline  texture 
of  dolomite  showing  good  rhombohed- 
ral  cleavage#  Fractures  are  infilled 
with  fine  gray-black  silt# 


0-9  X80# 

Features:  A  porphyroblastic  tex¬ 
ture  of  dolomite  and  anhydrite 
showing  crystal  zoning# 


0-11  X80# 

Features:  Anhydrite  showing 
parallel  cleavage  and  fibrous 
structures • 


PLATE  7 


-69- 


PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  CROWN  MOn  F^-^2  WELL 

(ContVd ) 


0-11  X80,  x-N 

Features:  Symmetrical  outline  of 
a  possible  replacement  form. 


0-16  X80 ,  x-N 
Features:  Calcite  and  anhydrite 
infilling  in  a  leached  dolomite 


vug. 


Q-20  X80. 

Features:  A  mozaic  of  coarse,  holo- 
crystalline  dolomite  with  included 
crystal  overgrowths  of  quartz  and 
calcite.  Shown  also,  is  a  fibrous 
anhydrite  structure. 


Q-2/+a  X80, 

Features:  Insoluble  residue  of 
fine,  gray-black  silt  with  rare 
anhedral  crystals  of  allogenic 
quartz • 


PLATE  8 
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PHQ TO GRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  CROWN  "O"  WELL 

(Cont  *d ) 


0-24  X80o 

Features:  Silt  clouded  dolomite 
replaced  by  subhedral  crystalline 
and  fibrous  anhydrite. 


0-27  X8Q,  X- N 

Features:  Coarse  holocrystalline 
texture  of  dolomite j  clouded  with 
fine  silt  and  organic  debris. 
Shown  also,  are  inclusions  of 
calcite,  quartz  and  garnet. 


PLATE  9 
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PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  ET  AL  CROWN  "Y"  2-11  WELL 


Y-2  X80. 

Features:  Infilling  of  secondary- 
fractures  with  organic  debris 
which  is  also  included  in  the 
dolomite  crystals. 


1-3  X80. 

Features:  Intense  clouding  of 
dolomite  texture  by  fine  silt  < 
a  cyclic  condition. 


Y-5a  X80. 

Features:  Insoluble  residue 
showing  fine  gray-black  silt  and 
fine  anhedral  quartz  grains. 


Y-10  X80. 

Features:  Crystal  zoning  and  a 
fossil  replacement  structure. 


PLATE  10 
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PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  ET  AL  CROWN  »Y»  2-11  WELL 

(Cont *d ) 


Y-13  X80. 

Features:  Granoblastic  mozaic 
of  dolomite,  showing  a  fine,  sub- 
hedral  quartz  crystal  inclusion* 


Y-17  X80. 

Feat \ares:  Merocrystalline  tex¬ 
ture  of  dolomite  with  traces  of 
allogenic  quartz  and  garnet jalso 
a  crystal  of  dolomite  showing 
repeated  twinning. 


Y-16  X80. 

Features:  Leaching  of  silt  clouded 
dolomite  and  subsequent  infilling 
with  calcareous  silt  and  calcite. 


Y-19a  X80o  X-N 

Features:  Insoluble  residue  showing 
a  fine,  subhedral  crystal  of  garnet; 
traces  of  anhydrite  and  a  fine  gray- 
black  silt.  Ground  mass. 


PLATE  11 
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PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  AMERADA  ET  AL  CROWN  11 Y11  2-11  WELL 

(Cont *d ) 


Y-23  X80. 

Feature s :  Mero c rystalH ne  t ex- 
ture  of  dolomite  with  partial 
inclusions  of  organic  debris  and 
fine,  anhedral  quartz  crystals. 


Y-26  X80. 

Features:  Mero crystalline  tex¬ 
ture  of  fractured  dolomite x  show¬ 
ing  a  fibrous  structure  of  secon¬ 
dary  anhydrite* 


PLATE  12 
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PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  IMPERIAL  NORMANDVILLB  NO.  2  WELL 


N-7Q  X80. 

Features:  Porphyroblastic  tex¬ 
ture  of  euhedral  dolomite  crys¬ 
tals  which  are  clouded  by  gray- 
black  silt. 


M-?8  X8Q. 

Features:  Inclusions  of  feldspar 
and  quartz;  preponderance  of  organic 
debris. 


M-89  X80, 

Features:  Porphyroblastic  tex¬ 
ture  of  dolomite  with  inclusions 
of  holohedral  calcite  and  anhed- 
ral  quartz. 


N-92  X80. 

Features:  Coarse  merocrystalline 
aggregate  of  dolomite  and  lime¬ 
stone  with  inclusions  of  subhedral 
crystals  of  quartz  and  garnet. 


PLATE  13 
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PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  IMPERIAL  NORMANDVILLE  NO.  2  WELL 

(Cont *d ) 


N-94  X80. 

Features:  Fine  anhedrai  quartz  in¬ 
clusions;  prominent  silty  matrix; 
anhydrite  infilling  in  leached 

VUg  So 


N-9?  X80o 

Features:  Merocrystalline  mozaic 
of  dolomite  with  coarser  remnants 
of  organic  debris* 


N-103  X80. 

Features:  Prominent  fracture  in¬ 
filling  -with  fine  gray-black  silt; 
traces  of  fine  anhedrai  quartz 
crystals o 


N-73a  X80* 

Features:  Insoluble  residue  of 
fine  gray-black  silt;  also,  show¬ 
ing  fine  anhedrai  crystals  of 
quartz* 


PLATE  lk 
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PHO TO GRAPHS  OF 

TEXTURES  AM)  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 
OF  THE  IMPERIAL  CLAIRMONT  NO.  1  WELL 


C-S  X80. 

Features i  Porphyroblastic  tex¬ 
ture  of  dolomitic  limestone, 
showing  a  prominent  matrix  of 
silt  and  organic  debris , 


C-SA  X80. 

Features:  Granoblastic  mozaic  of 
dolomite,  showing  good  rhombohed- 
ral  cleavage. 


£-9  X80, 

Features:  Crypto crystalline 
limestone  and  silt  infilling  a 
fracture  form.  Traces  of  organic 
debris. 


Clairmont :  XI, 5 

Features:  Rude  bedding  resulting  from 
textural  variations  and  facies  changes. 


PLATE  15 
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PHOTOGRAPHS  OF 

TEXTURES  AND  STRUCTURES  FROM  THE  UPPER  DEVONIAN  REEF  COMPLEX 

OF  THE  IMPERIAL  CLAIRMONT  NO.  1  WELL 

(Cont,d) 


C-SAa  X80. 

Features:  Anhedral  quartz  crys¬ 
tal  showing  poikilitic  inclusions 
and  crystal  growth* 


C-9a  X80, 

Features:  Aggregates  of  authigenic 
feldspar  and  subhedral  quartz  crys¬ 
tals  in  a  matrix  of  gray-black  silt 
and  clay. 


PLATE  16 


0 


& 


WELL 


SPECIMEN 

NUMBER 


.DEPTH 
(SUB -SEA) 


IMPERIAL 
NORMANDVILLI  § 2 


Ml 


N— 69 


N-71 


N-73 


N-75 


N-78 


N-Bl 


N-B3 


N— 85 


N-87 


N.89 


N-90 


N-94 


N-66  -48(2 


Medium  gray 
•rid  grading 
to  buff-bm. 


-4867 


—4878 


-4882 


-4888 


-4898 


-4909 


-4923 


-4938 


DIAGENIC  EFFECTS  AND  DIAGNOSTIC  FEATURES  OF  THE  STURGEON  LAKE  ,  NORMANDVILLE  AND  CLAlRMONT  REEF 


GENERAL 
COLOR  OF 
AGGREGATE 


CRYSTAL  TEXTURE  ,  STRUCTURES,  INCLUSIONS  SPECIAL  FEATURES! 


As  above, 
tending  to 
boo  one  more 
buff-brown. 

Medium  gray 
and  bufr-bm 
(Prod  owi.) 


buff— brown. 


Median  gray 
and  grading 
to  buff-brn. 


Medium  gray 
and  buff- 
brn.  (Prodom. 

Slight  mod. 
gray,  predom 
buff-brown. 

Slight  mod. 
gray,  pro- 
aom.  buff. 

Mod.  and  darlt 
grey  (prodom 
and  burf-brn 

As  abovo 


MICROSCOPIC  EXAMINATION^ 


AND  THIN  SECTIONS. 


SIZE 


-4957 


Mod  .and  dark 
gray(Prodorv) 
and  buff. 


-4967 


-4981 


-4993 


-5002 


Light  gray 
becoming 
buff  In  part 


Light  gray 


Light  gray 
becoming 
buff  In  part 


Modlun  and 
light  gray. 


Modlun  and 
light  gray 
Prodom.) 


(ORGANIC  -  INORGANIC  ) 
CRYSTAL  GROWTHS,  ZONED 
CRYSTALS  AND  TWINNING 


CLEAVAGE,  FRACTURE  FORMS 
BEDDING  ,  CONCRETIONARY  VUGS 


MATRIX;  '  MATRIX  CONSTITUENTS  AND 

- INTERSTITIAL  INCLUSIONS 

(ORGANIC  -  INORGANIC  )  ; 
AUTHIGENIC  AND  /  OR  ALLOGENIC 


tla  fracture  forma  (infill  see. 
’aggregates.  Trace  minerals  are  oololte  and  trace  of 
.  qtz*  lnolus,  onhyd. ) 


Massive. holooryst.  del.  and  dol^-U. 

eons  Is  ting  of  equlgran  .sub  hmdral  and 
anhedral  oryst.  aggregates.  Trace 
of  olear,  anhad.  qtz.  Indus. 

Massive, holooryst,  as  above,  tending 
to  beoome  more  fine  oryst.  and  more 
anhedral.  Trace  of  toning  and  poly- 
eynthetlo  twinning. 


del.  and  dol,-la.  Rare. largo  vugs  and  spare#  dondrl- 
fracture  for 


Poor  rhonbohedral  eleavagei  rare 
large,  ,eyrewt.  vu^.  Infill  as 
above. (Possible  feesll  replace.) 


Masalve,  holoerywt.  dol.  and  dol,-ls, 
oonslsting  of  squlgran.,  euhedral  to 

anhedral  oryet.  aggregates.  - 

of  elear  anned.  qtt. Indus. 


Trace 


Poor  rhomb ohedral  olesvag*»  rare 
large,  synmet.  vugs  Infilled  vith 
It.  grey  oalolte  and  dolomite. 


Massive,  holooryst.  dol.,  tending  to 
merooryst.  In  part.  Consisting  of 
lnequlgran.  sunhedral  and  anhedral 


t* 


mwruoiy-v.  *•*  w— < 

lnequlgran.  subhedr 
orystal  aggregates. 

Maselvs,  holooryst.  and  merooryst, 
dol,,  predominantly  anhedral,  ln¬ 
equlgran.  oryst.  struoturo.  Traoi 
of  anhyd.  and  qvf- lnolus. 

Massive,  holooryst.  dol.  and  sparse 
Pew 


Poor  rhonbohedral  deavage.  Ccm- 
mon,  small,  lrratie  vugs  Infilled 
wltn  gray-white  oalolte. 


Piwia  iv«|  iivauui  juva  —  r - - 

dol .-Is.,  oonelstlng  of  equlgran. 
■ubhedrai  orystal  aggregates.  Po 
orystal  growths  and  lnoluslons. 


Masslva,  holooryst.  dol.  and  spares 
dol. -Is.  as  abovo  -  slightly  mono 
ooaras  oryst.  and  mors  ouhsaral. 

Few  qtt.  Indus  Iona. 

As  abovt,  tending  to  bo  mors  subhsd- 
ral.  Frequent  lnelualons  of  fine 
and  eoaree  anhed.  olear  qtt.  and 
grey  silt. 

Massive,  merooryst.  dol.  and  dol. la. 
consisting  of  lnequlgranular  anhed¬ 
ral  and  e ubhedrai  orystal  aggregates 


Poor, lrratie  rtueib.  deavage.  Major 
large  synmet.  vugs,  lnTlllod  with 
fin#  to  ooareo  oryst.  dol.  and  an- 
hyd. 


Rare,  large,  symsiet.  vugs  Infilled 
vith  It.  gray  oalolte  and  onhyd. 


Pair  rhomb ohodral  cleavage  and  frao<  5 
ture  form.  Rare,  largo,  lrratie  ^ 
vugs,  Infilled  with  onhyd. 


Fair  rhanb,  cleavage.  Rare  small 
vugs  and  blotchy  or  mottled  odor 
changes  due  to  rosiest. 


Masalve,  merooryst.  dol,  and  del.ls. 
as  above.  Frequent  lnoluslons  of 
fine  and  mod.  anhed.  olear  qtt.  and 
gray-blaok  organ lo  debris. 

Massive,  merooryst.  dol.  and  dol. Is. 
oonslsting  of  lnequlgran.  anhedral 
and  subhod.  oryst.  aggregates. 

Cannon  lnoluslons  as  above. 


Massive,  holooryst.  dol.  beooming 
predominantly  ooaras  oryst.  and  sub- 
hedral  to  euhedral.  Rare  Indus,  as 
above. 


Massive,  holooryst.  dol.  and  dol. Is. 
besoming  merooryst.  in  part.  Consist 
lng  of  rine,  mod.(predom.)  and  orse. 
aggregates. 


Massive,  holooryst.  dol.  oonslsting 
of  equlgran.  s ubhedrai  orystal  ag¬ 
gregates.  Rare  zoned  orystals  and 
growths. 


Massive  holooryst.  dol.  and  dol. Is. 
bsoomlng  merooryst.  In  part,  Con¬ 
sisting  of  lnequlgran.  anhedral  and 
s ubhedrai  orystal  aggregatss. 


Poor  rhanb.  eleavsge  -  some  cloud¬ 
ing  and  mottling  due  t#  slit  and 
lnereased  iron  (T)  content. 

Poor  rhomb,  deavage  -  sane  eloudl 
and  mottling  as  above. 


Poor  rhomb,  deavage.  Sons  mottl¬ 
ing  and  oloudlng  due  to  lnoreaoed 
silt  and  Iron  (7)  oonterrt. 


rtLir  rhomb*  oiobvr^jo#  Traee  or 
email  vugs  Infilled  with  oalolte 
and  traces  of  pyrlte. 


Large  syrrmst.  vugs  and  major  dendrl- 
tlo  fracture  pattern  whloh  have  beei 
Infilled  with  fine  to  ooarse  oalolti 


Due  to  Increased  and  varying  1 
oonterrt,  a  slight  mottled  effe 
apparenti  fraot.  pattern. 


Major  vugs  and  slirirt  dendrltlo 
fracture  pattern,  Infilled  with  sal, 
site, dol.  and  green,  waxy  shale. 


Masslva,  holooryst.  and  merooryst. 
(in  part)]  dol.  as  above  -  oonslsting 
of  orystal  aggregates  of  slightly 
■mailer  size.  Infrequent  lnolus. 


Rare,  small.  Irregular  vugs,  In¬ 
filled  with  oalolte  and  dolomite 
and  treoe  of  green,  waxy  shale  and 
pyrlte  0 one rations. 


Dork  gray  and  black,  flna  and  orypto- 
orvwt.,  aaloareous  and  silty  -  contain- 
lng  gray-blaok,  authlgsnlo  debris. 


As  obsmet  somewhat  more  spasmodlo. 
Similar  Interstitial  lnoluslons. 


Slightly  less  apparent  due  to  less  silt 
and  gray-blaok  authlgenle  organic 
debris . 


Dark  gray  and  blaek,  fine  and  erypte- 
oryst.,  oaleareeus  and  silty  matrix  Is 
more  pronounead  -  similar  Interstitial 
debris. 


As  shove,  but  varying  greatly  In  lnten- 
"  "  '  it  the  s<  -  *  -* 


slty  throughout  the  soot  ion 
Interstitial  debris. 


similar 


ti  ea 

:  Infrequent  allogenic  olear  quartz, 
gray-blaok  organic  debris. 


Inolpient,  slightly  calcareous  and 
silty  matrix  with  rare  anhed.  fins 
oryst.  olear  quartz  lnoluslons. 


FOSSILS  AND  FOSSIL 
REMNANTS 


ess  ion  of  a  small 


Fossil  mould  1  Impress  1 
paleeyped  -  no  ohareotorlstles  pro- 
WITM  * 


Fibrous  and  o  rye  tall  In#  organic  struc¬ 
ture  . 


Coralline  struoturo  similar  to  Paris- 
tella  showing  wrinkled  eplthlea,  ooral- 
lus, and  septa  remnants. 


Rare,  Small,  synsatrleal  vugs  Infilled 
with  oalolte. 


Coralline  struoturo  similar  to  S 
toporoldsa. 


None 


Traoo  of  fine,sy™atrloal  fossil 
shadows. 


Incipient  matrix  as  above,  with  in¬ 
creased  amounts  of  olear  anhed.  quartz, 
grey  ehert  and  silt. 


Pronounced,  calcareous  and  silty,  with 

oonsldereble  allogenio  ,  Interstitial 
lnoluslons  of  olear  quartz, and  organic 
debris. 


Aid*  showing  Indistinct  shadow  Authlgenle  mineral  constituents  are  ln- 

of  neart  and  lnoludlng  nuclei-  areas ed  -  both  Inclusively  and  lntan- 

stltlolly  -  poeslbla  oonourrent  lntrus. 


Matrix  Is  more  oaloareous  and  fin*  to 
eryptoervst.j  ooplous  interstitial  in¬ 
clusions  os  above. 


Interned., 

considerable  Interstitial 
organ lo  debris  and  trace  of  quartz. 


m»u.,  very  silty,  slightly  oaloa¬ 
reous  wltn  considerable  Intersil 


Slightly  oaloareous  and  slightly  silty, 
Trace  or  *'  ‘  ... 


quartz.  Interstitial  lnoluslons. 


tmsrywt.  Is. 
frequent  qi 


_ .  _  _je  a, 

slightly  silty)  w 
*  '  lno! 


z  and  organ le 


1th  in¬ 
clusions. 


Matrix  as  above 1  slightly  more  silty 
In  the  fracture  pattern. 


REMARKS 


PARTICULAR 
DIAGENIC  EFFECTS 


Reerystolllzatlon  and  the  offsets  of 
00m pact l on  a re  apparent  but  not  axeos- 
eivejy  so. 


Replacement  of  large  fossil  feres  by 
oalolte  and  minor  authlgenle  pyrlte 
anhydrite  le  portloularl 


Matrix  cement  Is  spares  and  oontalns 
less  authlgenle  organic  debris,  A  f« 
growth  orystals  eon  be  observed. 


Effects  of  ecmpaotlan  are  not  as  notls- 
abls  while  matrix  cement  containing 
authigenl*  organic  debris, and  quartz 
Is  additive. 


Replacement  of  apparent  large  fossil 
forms  with  dolomite  and  anhydrite  Is 
paramount.  There  Is  also  a  major  Crea¬ 
ture  pattern. 


Features  or  reoryst&lllzation  are  ap¬ 
parent,  also,  evidence  of  differential 
solution  In  the  brnod late  area  of  the 


vugs. 


Tighter  orystal  aggregates  and  larger 
orystals  duo  to  rooryst.  dlagenosls. 

( advanced  stag*) 


None 


Authlgenle  mineral  constituents  are  pro¬ 
nounced  as  Interstitial  and  matrix  In. 
sluslon*.  (rare  authlgenle  feldspar 
ites). 


Altered  remnant  vhloh  la  replaced  with  Authlgsnlo  mineral  constituents 
oalolte  -  shows  a  slight  pseudo-cellular  oormon  as  above.  Differential  solution 
struoturo.  of foots  are  notleable  between  matrix 

and  oryst. 


Symetrloal  shadow  outline  of  on  Algal 
remnant  showing  treoe  of  nuclei. 


Or  alible  struoturo  similar  to  Stromate- 
poroldaa  Intruded  by  an  Indeterminable 
oolunnlte  In  section. 


Nona 


Incipient,  oaloareous,  and  slightly 
Silty  with  Infrequent  Interstitial  ln¬ 
oluslons  of  light  gray  silt,  olear  qtz. 
and  green,  waxy  shale, 


None 


As  above,  with  rare  Inclusions  of  light 
gray  silt  and  fine  anhed.  clear  quartz 
crystals  and  light  gray  ohsrt. 


Shadowed  outline  of  possible  ooral  line 
structures  whloh  have  been  highly  al¬ 
tered  end  replaced. 


Considerable  rafting  of  allogenic  silts 
and  organ  le  debris.  Reorystall  lzat  Isa 
phases  are  variable. 


Phases  of  rooryst.  ore  well  advanced . 
Traces  of  differential  solution  between 
t^.gra^r  del,  and  oalo.  matrix,  TraoeW 


There  Is  a  particularly  wide  range  In 
crystal  size,  also,  the  offsets  of  dif¬ 
ferential  solution  are  apparent. 


Increased  silt  oonterrt  of  matrix  Infill¬ 
ing  In  the  fracture  pattern  lndloatas 
poet  oryst.  Intrusion. 


Intrusion  of  green, waxy  shale  and  fine 
ullty  limestone  Into  vu^p  and  fracture 
pattern  suggests  a  marked  ohange  in  Sn- 

■rlronmerrt. 


Reorystalllzed  dolomite  aggreg&l 
'tend  to  be  generally  smaller  in 


size. 


N-96 


-5013 


Light  gray 


-5021 


-5027 


N-100  -5032 


Light  gray 


Medium  and 
light  gray 
(mottled ) 


Light  gray. 


K-101 


N-102 


-5038 


-5043 


Light  grey 


Modlun  and 


Massive,  holooryst.  dol.  oonslsting 
of  equlgranular  subhedrel  and  tuhea- 
ral  orystal  aggregates.  Trace  of 
orystal  grtortno  and  zoning. 


oorys- 

beoewilng  slightly  more  fine  orysti 
and  more  anhed.  Trace  of  zoning  and 
polys ynthetle  twinning. 


Massive,  holooryst.  dol.  oonslsting 
of  predom.  ooarse  equlgran.  s ubhed¬ 
rai  and  euhedral  oryst.  aggregates. 
Trace  of  oryst.  growths  end  zoning. 


Massive,  holooryst.  dpi.  consisting 
'.(predom.)  and  eoaree 


of  rtne,  med.(pred< 
ihodral  to  euhedral  orystal  oggre- 

infl*  01  oryo'o.  groWLlm— 


Fair  rhomb,  oleavoge.  Traces  of 
small  pyrlte  nodules  disseminated 
throughout  the  massive  dol. 


Slight,  inolpient,  oaloareous  and  silty 
with  rare  Interstitial  Inclusions  of 


rare 
fin*  grained, 


olear  quartz. 


Rare  to  Indeterminable  shadows,  which 
ere  possibly  of  organ lo  origin. 


Reerystalllzatlen  becoming  advanced , 
also,ecsmcn  overgrowths  or#  distin¬ 
guishable. 


Fair  rhomb,  cleavage  and  fracture. 
Rare  major  synnet.  vugs  totally  lrw 
* . aol.  and  onhyd. 


filled  with 


As  above,  with  traces  of  fine  oryst. 
pyrlte  disseminated  throughout,  also, 
eeoaslonal  fre&nents  of  organ lo  debris. 


Probable  ooral lino  struoturo  showing 

’  distorted  oellular  struoturo  and 
ad  eplthloa. 


highly  1 
wrinkle 


Ino  reused  cleavage  and  fracture  fores 
nay  Indicate  Increased  affects  of  • am¬ 
ine  t  ion.  Rcerystalllzatlan  Is  slightly 
less  advanced. 


Fair  rhomb,  oleavoge  and  fracture. 
Rare  major  vugs  and  fractures  are 
Infilled  with  waxy,  green  shale  and 
pyrlte. 


K5T.5S7 


.  holooryst.  dol.  as  above, 
if  orystal  growths  1  polys yn- 
ond  zoned  dol. 


Massive 
Trace  of  orystal  grmwtl 
thetlo  twin  lamellae  a 
orystals 


Massive,  holooryst.  and  merooryst., 
lnequlgranular  fin#  and  med.  oryst. 
dol.  and  dol.-ls.  The  crystalline 
aggregates  ore  quits  variable. 


Fair  rhomb,  oleavoge.  Variations 
In  silt  and  Iren  (?)  oonterrt  pro¬ 
duo  0  a  slightly  mottled  effeot. 


Fair  rhomb,  oleavoge  In  oearser 
orystals.  Rare,  large,  symnet.vugs 
Infilled  with  dol.  oalolte  and  on- 
hyd. 


Poor  rhanb.  oleavoge  and  free ture. 
Cannon  large,  aynmet.  vugs  Infilled 
with  dol.  Is.  (altered  fossil  rem- 

s). 


Incipient,  oaloareous  and  gray,  silty 
matrix  with  rare  lnoluslons  of  fine 
pyrlte  and  olear  quartz. 


None 


Authlgenle,  fine  and  eoaree  oryet, 
pyrlte  and  anhydrite  Is  disseminated 
throughout  the  dol.,  groan,  waxy  shale, 
onhyd.  and  ealelte  In  vugs. 


As  above,  with  varying  amounts  of  silt 
and  Iron  (?)  oonterrt.  Pew  Interstitial 
Inolnaltwis  «f  «tw  »«4  — ge-te  4-te-A--  - 


Apparent  remnant  structure  of  Bryozoa. 


Fide  range  In  phase 
Iso  In  amount  of 


Varying,  Inolpient,  oaloareous  and  si. 
•llty  with  lnereased  amounts  of  Inter¬ 
stitial  quartz  and  organlo  debris. 


Distorted  struoturo  similar  to  Bryozoa- 
outllnlng  z  oar  la  sequent  and  zooeelal 
openings. 


Authlgenle  replacement  In  the  large 
vugs  nes  resulted  In  textures  which 
outline  apparent  fossil  remnants 


Light  gray,  highly  oaloareous  and  silty 
matrix  with  lnoluslons  of  elear  anhed. 
qtstrtzt  traces  of  organic  debris. 


Quite  diet lnet  outline  of  algal  units. 


Prodom _  _ _  _ 

fetes,  plus  marked  different 
Ion  ef fasts  |  point  to  ai 
stage  of  dolomltlzatlen. 


med.  to  fin*  del.  eryst, 
'  -  intlal 


N-103 


-5048 


Medium  and 
light  gray 
(mottled ). 


Massive,  holooryst.  and  merooryst., 
lnequlgran.  del.  and  dol.  Is.  pre¬ 
dom.  anhedral  and  fine  to  med.oryst. 
Rare  qtz.  lnolus. 


_  lva^e  tuw  1  itw  bun* 

Common  large  symnet.  vugB  Infilled 
>1,  Is.  (altered  fossil  rem- 


dol 

s). 


As  above  |  tending  to  be  more  orypto- 
eryet. 


Algal  units  as  above  with  good 
of  nuolel. 


Incomplete  stage  of  dolemltlgatlen  as 
1  ib ova  1  passible  reason  for  mere  dis¬ 
tinct  foeell 


AMERADA  (JRCWN  "(7' 


AND  CLAIRMONT  REEF  COMPLEXES! 


REMARKS  :  PARTICULAR 

■  DIAGENIC  EFFECTS 


Psorystalllzatlon  and  the  srfeote  of 
compaction  are  apparent  but  net  exses 
•lrely  aa. 


Replacement  of  large  fossil  fonts  by 
ealelte 


and  minor  authlgenlo  pyrlte  and 
anhydrite  Is  partloularly  predominant. 


Vatrlx  eemerrt  la  spares  and  oontalna 
lass  authtgenie  organ lo  debris,  A  fa 
growth  oryrtals  aan  be  observed. 


Effeets  of  ecmpaotlon  are  not  as  notle- 
abls  while  matrix  cement  containing 
authtgenie  organic  debris, and  quartz 
Is  additive. 


Replacement  of  apparent  large  fossil 
fonts  with  dolomite  and  anhydrite  Is 
paramount.  There  Is  also  a  major  frac¬ 
ture  pattern. 


Features  of  reerystalllzatlan  are  ap¬ 
parent,  aleo.  evidence  of  differential 
solution  In  the  lmeedlate  area  of  the 
vugs. 


Tighter  orystal  aggregates  and  larger 
crystals  due  to  reoryst.  diagenesis, 
(advanced  stags) 


dt*f  iuthlgenlo  mineral  constituents  are  In¬ 
creased  -  both  Inclusively  and  inter- 
st It tally  —  possible  oonourrent  lntrus. 


Authlgenlo  mineral  constituents  are  pre 
nounoed  as  Interstitial  and  matrix  ln- 
oluslone.  (rare  authlgenlo  feldspar 
aggregates). 


h  Authlgenlo  mineral  constituents  are 
la r  oormon  as  above.  Differential  solution 
effects  are  notleable  between  matrix 
and  eryst. 


Considerable  rafting  of  allogenic  silts 
and  organ le  debris.  Roerystallizatlon 
phases  are  variable. 


Phases  of  reoryst.  are  well  advanoed. 
Traces  of  differential  solution  between 
l^.gra^r  dol.  and  oalo.  matrix.  TraoeS 


There  le  a  partloularly  vide  range  in 
irystal  size,  also,  the  effeets  of  dlf. 
ferentlal  solution  are  apparent. 


Increased  silt  oonterrt  of  matrix  infill¬ 
ing  in  the  fracture  pattern  indicates 
post  oryst.  Intrusion. 


Intrusion  of  green .waxy  shale  and  fins 
silty  limestone  Into  vu^  and  fracture 


pattern  suggests  a  marked  o hangs  In  en¬ 
vironment. 


Heorystalllzed  dolomite  aggregates, 
tend  to  be  generally  a mailer  In  elze. 


Reerystalllzatlan  booamlng  advanoed, 
also,eommon  overgrowths  are  distin¬ 
guishable. 


Increased  cleavage  and  fracture  forms 
nay  indicate  lnereaeed  effeets  of  com¬ 
paction.  Reerystalllzatlan  is  slightly 
less  advene  ed. 


Authlgenle,  fine  and  eoarse  eryst. 
pyrlte  and  anhydrite  la  disseminated 
throughout  the  dol.,  green,  racy  shale, 
anhyd,  and  oalo its  In  vugs. 


ai! oTn^amoun?^? *matr  lx* eaierlal  and 


degrees  of  differential  solution. 


Authlgenlo  replacement  in  the  large 

- - llt#d  ttactupM  wbiJh 


vugs  Kas  r*s u  lted  In  textures  ... 
outline  apparent  foes 11  remnants 


Predom.  med.  to  fine  dol.  eryet.  aggro.. 

7ttee,  plus  marked  differential  solu- 
len  effects j  point  to  an  lnoomplete 
stage  of  delomltlzatlesu 


CHEMICAL  COMPOSITION  ! 


DOLOMITE  © 

Co  Mg  (  C03)2 


PERCENT 


LIMESTONE 
(Co  C03) 


ANHYDRITE  <t> 
(Co  SO4) 


INSOLUBLE  □ 
RESIDUE 


PYRITE 
(F*  S2) 
PERCENT 


ants  Inoaipleto  stags  of  dolomltlsatlen  ss 
above)  poselblo  reason  for  more  dis¬ 
tinct  fossil  remnants. 


0  ID  8P»40  50  6»™™«.l«tO  1  2  ^  4  S  6 


6  T  9  9  10 


N-103 


-5048 


Median  and 


l^gTlgftfrra  an  quiw 


Massive,  holooryst.  and  werooryst., 
lnequlgran,  del.  and  dol.  1*.  pro- 
dom.  anhedral  and  fin*  to  med.eryst. 
Rare  qtz.  Indus. 


Poor  rhomb,  cleavage  and  fracture. 
Catron  large  Iran,  vugs  Infilled 
with  dol.  If,  (altered  fossil  rem¬ 
nant*  ), 


A*  above |  tending  to  be  aore  orypto. 


Algal  units  a*  above  with  good 
of  nuolel. 


Incomplete  stage  of  dolomlttsatlen  as 
above)  passible  reason  fop  ears  dis¬ 
tinct  resell 


F3S— 

0-1 

32 

-6268 

Med.  gray 
grading  to 
light  gray. 

Massive,  msrooryst.  silty  dol.  end 
dol.  1*.  oonslstlng  of  equlgran. 
fin*  anhedrel  orystal  aggregates  and 
fin#  silt  (clouding  aggr*».t#*). 

Trace  of  rtusfe.  eleavag*  and  fraet. 
Sene  shading  In  the  silt  but  ns 
disetmlbl*  bedding,  s 

i 

1 

Highly  silty  end  slightly  oaloareous 
ratrlx.  Rare  interstitial  lnoluslons 
of  tlsar,  fins,  anhed.  qtz.  and  or^nlc 
debris. 

>rall  Gastropoda  structurally  altered 
and  replaced  by  orystal  line  oalolte 
and  dolomite. 

7*17  silty  matrix  whloh  diffuses  lute 
,l"r!  y*».»lUhtlsr  raerywt.  fins 
del.  snd  del.-ls . 

0-3 

-6273 

Light  gray 
and  oream 
buff. 

* 

Massive  holooryst.  dol.  oonslstlng 
of  equlgrenular,  med.  end  ooarse, 
subhedral  orystal  aggregates.  Cm- 
mon  lnoluslons  of  fin*  end  medium 
clear  qtz.,  anhyd.)  tree*  tourmalin*. 

Oood  rhmnb.  oleavage)  poor  fraet.  ^ 
Few  sra.ll,  lrratlo  vugs.  Infilled  §5 
with  seers*  euhedral  oalolte  and  ^ 
anhyd. 

1 

Inc lpirrrt,  wed.  gray,  silty  and  slight¬ 
ly  salsareous  matrix  with  so™ on  In¬ 
ter*  tit  isl  lnoluslons  of  quartz  and 
orranlo  dsbrls. 

Non* 

Rsoryrt.  has  reached  an  advanoed  stags. 
?h*  preponderance  of  lnoluslcns  is 
worthy  of  particular  not*. 

0-5 

-6277 

Cream  buff 
(predom.)and 
light  gray. 

\ 

i> 

Massive,  holooryst.  del.  es  above.  Coed  rhesfe.  oleavage)  poor  fraot.  3 
beoomlng  more  oeare*  oryst.  and  more  Rare  small  vu^  Infilled  as  above.  3 
euhedral.  Fewer  lnoluslons. 

Incipient,  aed.  gray,  silty  and  si. 
salsareous  matrix.  Rara  interstitial 
lnsluslona,  as  above. 

None 

Very  tight,  ooara*  oryst.  avals 
showing  effects  of  oompaotlon  and  ad¬ 
vanoed  phase  of  reeryst. 

0-7 

-6283  s 

As  above 

1 

1 

Massive,  holooryst.  dol.,  soars*  and 
tending  to  euhed.  as  absvs.  Co™ on 
orystal  growths)  soraion  Inclusion#  . 
mostly  anhydrite. 

Good  rhomb,  cleavage)  poor  fraot.  fj 
Incipient  dendrltl*  fracture  pattern) 
Infilled  with  anhyd. 

Matrix  as  above.  Interstitial  material 
oonslsts  of  olear  qtz.,  or&uilo  dsbrls 
and (pradsmj  anhyd.  orystal*. 

Skeletal  outline  of  possible  Bryozaan 
[hearing  zooeolol  openings  and  dsndrol- 
ial  structures . 

rifferantlal  solution  Is  slight,  fin* 

Hit  oontant  olouds  the  aggregate. 

0-9 

-6990 

Cream  buff 
with  light 
and  dark 
grey  mcrttllrg 

1 

4 

1 

At  abort.  Co*r>on  orystal  nrmthat 
rarylru?  a/nourrta  of  tilt  and  Iron  not 
produo td  a  faint  mottlod  offoeto 

Haro  lnolualont  at  abovo. 

Fair  rhomb,  oleavaget  peer  fraot.  | 
Tree*  of  disseminated  pyrlte. 

Matrix  as  above.  Common  Interstitial 
lnsluslona  of  fin*  and  wad  loo  subhedral 
oryst.  of  anhydrite. 

Symmetrical  outline  of  Algae,  showing 
shadows  of  heart  and  nutlsl. 

P*lnf" lied Hn^'pamt'w  1th’ fln«a«lft  ST* 
anhydrite. 

0-10 

-6298 

Cream  buff 
snd  miner 
light  gray 

1 

9 

1 

Massive,  holooryst.  del.  oonslstlng 
of  equlgran.  mod.  and  eoeree,  sub¬ 
hedral  and  euhedral  orystal  aggre¬ 
gates.  Frequent  anhyd.  lnoluslons. 

Good  rhrab.  oleavage)  faint  dendrl-  : 
tie  fraet.  pattern  Infilled  with 
anhyd.  and  traoo  of  oalolte. 

Matrix  beoomlng  very  Incipient.  Rare 
Interstitial  lnoluslons  of  anhydrite, 
olear  quartz  and  organlo  debris. 

Few  small  syenetrleal  vugs)  Infilled 
with  crystalline  oalolte,  anhydrite 
end  dolomite. 

Antydrlt*  infilling  and  Inclusions 
remain  a  consistent  feature* 

H 

1 

O 

-6303 

Light  gray  - 
whit*. 

1 

p 

1 

Massive,  msroaryst.  anhydrite,  oon¬ 
slstlng  of  lnequ lgran.,  oryvto.  to 
ooarse,  anhedrel  to  euhedral,  oryst 0 
aggregates.  Oooaslonal  olear  quartz 
lnaluslona. 

Oood  parallel  oleavage)  poor  fraet.  j§, 

Anhydrite  has  a  fibrous  torture  in  § 
port)  varies  to  oryptoorystalllno. 

| 

11 

Matrix  of  oryptooryst.  and  fin*  anhyd. 
with  traces  or  light  gray  silt  be¬ 
soming  more  prominent. 

Same  fibrous,  directional  orystal 
forms  -  no  dlstlnot  fossil  remnants. 

Anhydrite  texture  varies  from  erypto- 
oryst.  to  soars*  oryst.  and  fibrous. 

For  lnoluslons  of  fin*  snd  msd.  anhed. 
olear  quartz  orystal*. 

0-12 

-6309 

Dark  and 

— 

1 

* 

1 

Holooryst.  dol.  and  msrooryst.  anhyd, 
as  above.  Frequent  lnoluslons  of 
anhyd.  "rid  fins,  anhed.  olear  qtz. 

In  the  dol.  pheia*. 

Pair  parallel  oleavage  In  the  anhyd. 
and  rnomb.  oleavage  In  the  del.  ag¬ 
gregates  .  « 

Matrix  Is  essentially  oryptooryst.  and 
fin*  anhyd.,  and  faint,  light  grey 
silt  and  silty  limestone. 

Crystalline  remains  of  orlnold  oalyx 
and  oolvmmal. 

Slight  sffeots  of  differential  solution 
ere  apparent  between  the  anhydrite  end 
dolomite.  (Mostly  anhyd.  Infilling). 

0-14 

-6314 

As  abovet 
more  light 
gray. 

I — 

1 

$ 

1 

Holooryst.  del.  as  above,  beoomlng 
more  ooarse  oryst.  and  more  ouhed. 
Common  orystal  growths.  Rare  olsar 
quartz  and  anhyd.  lnoluslons. 

Good  rhomb,  oleavage  and  fraoture, 
infilled  with  oryptooryst.  to  ooarse  S 
euhed.  anhydrite. 

L 

lnelplent,  med.  gray, silty  and  slightly 
salsareous  ratrlx.  containing  varying 
amounts  of  interstitial  anhydrite. 

None 

Crystal  growths  and  rhomb,  oleavage  ra¬ 
ti  00  t  a  more  advanoed  stag*  of  reeryst. 
and  subsequent  effeot#  of  oompaotlon. 

0-16 

-6319 

Ae  above) 
more  dark 
gray. 

1 

1 

1 

Holooryst.  dol.  and  dol.-ls.)  ooarse 
orvst.  as  above,  and  msrooryst.  an¬ 
hyd.  as  above.  Common  orystal 
growths. 

Good  rhomb,  oleavage  and  fraoture,  ^ 
Infilled  with  anhyd.  as  above.  ^ 
Trace  of  disseminated  pyrlte.  ^ 

Matrix  as  above,  with  varying  amounts 
of  Interstitial  silt  and  Iron  (?). 

More  oaloareous. 

Indeterminable  fossil  resmaot  - 
similar  to  a  tabulate  a oral  structure. 

Varying  amounts  of  lnoluded  and  Inter¬ 
stitial  silt  and  Iron  (7)  have  produesd 
a  faint  mottling  In  the  dolomite. 

0-20 

-6325 

Light  gray 
and  eraom 
buff. 

T 

(J 

1 

1 

Masslvs,  holooryst,  dol.  oonslstlng 
of  equlgran.,  msd.  to  ooarse,  sub¬ 
hedral  and  euhedral  orystal  aggre¬ 
gates.  Rare  lnoluslons. 

Good  rhomb,  oleavage  and  fracture. 
Infilled  In  part  with  fine,  medlim 
grey  silt.  Rare,  small,  lrratlo 
vug*. 

lnelplent  matrix  of  slightly  oaloareous 
fin*,  med  inn  gray  slit.  Rara  Inter¬ 
stitial  Inclusions  of  olear  quartz  and 
organlo  debris. 

Few  faint,  synetrloal  shadows  which 
are  Indeterminable. 

Crystal  growths  are  frequent)  large 
orystal  aggregates  whloh  are  clouded 
with  med  lira  gray  silt. 

0-22 

-6333 

As  above) 
msd,  gray 
mottling  In 
part. 

! 

/ 

1 

Massive,  holooryst.  dol.  as  above. 
Common  orystal  growths.  Oooaslonal 
lnelus.  of  fine  anhed.  qtz.  and 
opaque,  organ  la  debris. 

Cleavage  and  fraoture  as  above  -  5 

similarly  Infilled.  Rare,  small, 
lrratie  vug*.  Infilled  with  ooarse  5 
oalo  lt*  /erystolllne). 

Slltv  and  slightly  oaloareous  matrix 
as  above.  Rara  Interstitial  lnolu¬ 
slons  as  above. 

Coralline  structural  -  remnants  of 
lamina*  and  radial  pillars. 

Crystal  aggregates  similar  to  above 
end  similarly  olouded  with  slit. 

0-24 

-6339 

As  above. 

i 

\ 

Masslvs,  holooryst.  dol.  as  above. 
Common  orystal  growths.  Rare  Inclu¬ 
sions  as  above.  Traoo  of  zoning. 

Fair  rhomb,  oleavage  and  fracture. 
Infilled  In  part,  as  above.  Rare, 
large  vugs.  Infilled  with  coarse 
euhedral  o&lolte/erystalllne).  : 

Silty  and  slightly  oaloareous  ratrlx 
as  above.  Rare  Interstitial  lnolu¬ 
slons  as  above. 

None 

Advanoed  stage  of  raeiyst.  as  above) 
lees  oloudlng  of  orystal  aggregates 
du#  to  silt  and  iron  (?)  oontant. 

0-26 

-6344 

Light  and 

darti  gray, 
oream  buff  lr 
part. 

1 

\ 

$ 

i 

Massive,  holooryst.  dol.  oonslstlng 
of  squlgranular,  subhedral  and  ouhed. 
ral,  predominantly  ooarse  orystal 
aggregates.  Rare  orystal  growths. 

Good  rhomb,  oleavage)  poor  fraoture. 
Infilled  In  part  with  dark  gray  silt 
and  fin*  oryst.  anhydrite.  ^ 

1 

lnelplent  ratrlx  of  slightly  calca¬ 
reous,  medlimt  and  dark  gray  silt. 

Common  Interstitial  lnoluslons  or  an¬ 
hydrite)  traces  of  auartz. 

Crystalline  and  shadowed  outline  of 
Alga*  showing  shadow  of  Internal 
struotura. 

Reoryst.  features  as  above.  Intersti¬ 
tial  slit  has  become  darker.  Oooaslonal 
trail  pyrlte  oonoratlonq. 

0-27 

-6348 

As  above) 
more  oream 
buff. 

_ 

1 

0 

Masslvs  holooryst.  dol.  as  above. 
Com  on  orystal  growths.  Traoo  of 
lnoluslons  of  fine  and  medlim  anhed. 
and  subhed.  qtz.  and  organlo  debris. 

Good  rhomb,  oleavaget  poor  fracture. 3 
Few  major  vugs  Infilled  with  ooarse  ^ 
euhedral  dol.  and  snhed.  oalolto.  3 

Matrix  «s  above.  Interstitial  lnolu¬ 
slons  as  above.  Traoo  of  authlgenle 
organlo  debris. 

Rara.  largo,  synmistrloal  vugs  ,  Inde¬ 
terminable  ramrants. 

Reoryit.  features  as  above,  Varlatisrn 

In  lnoluded  silt  and  Iron  (?)  oontant 
have  produo *d  a  faint  mottling. 

A.P.C.-H.P.-UNION 
CROWN  "Y"  2-11 


Y  -  2 


Y  -  3 


Y  -  4 


-6201 


-6203 


-6205 


-6207 


Y  -  5 


Y  -  6 


Y  -  8 


-6210 


-6212 


Cream-buff 
and  minor 
light  grey. 


Cream-buff, 
med.  gray  In 
diffused  pat 
tern. 


Light  grey 
and  oream 
buff. 


As  above. 


Lt.  gray,  be. 
oomlng  more 
oream  buff. 


As  above. 


-6214 


-6217 


Y  -  9  -6221 


Light  gray 
and  or 


oream 
buff. 


Light  gray 
and  oream 
buff. 


As  above,  be. 


Massive,  holooryst.  dol.  oonslstlng 
of  o oars a,  equlgrenular,  euhedral 
edral - "  * 


and  subhedral  crystal  aggregates. 
Frequent  crystal  growths. 


As  above,  beoomlng  medlim  and  fine 
anhedrel.  In  darker  diffused  ankerlta 
phase)  fraoture  pattern.  Trace  of 
Pblysynthetlo  twinning. 


As  above 

V 


Iron  (7)  and  minor  ‘5f»  ,  produo lng  a 

mottling  effeot,  Rare  Indus  Iona  of 
fine  anhedrel, olear  quarts  and  pyrlte 


Massive,  holooryst,  dol.  oonslstlng 
of  ooarso,  euhodral  and  subhedral, 
equlgrenular  orystal  aggregate*. 
Common  orystal  growths. 


Fair  to  good  rhomb,  oleavage  and 
fracture.  Common,  small  vugs  end 
dendritic  fraot.  patterns  (seo.  In¬ 
filling). 


Oood  rhomb,  oleavage.  Rare,  small, 
lrratlo  vugs  and  dominant  fraoture 
pattern.  Infilled  with  buff  dol.  and  : 
oalolto. 


Fair  rhomb,  oleavage  and  fraoture. 
Rare  Small  vugs,  Inflllad  with  eoara 
euhedral,  light  grey  s4lo Its  and 
buff  dol. 


Fair  rhomb,  oleavage  and  fraoture. 
Rare, small,  lrratlo  vugs  Infilled 
with  light  gray  oalolte,  buff  dol. 
and  pyrlte. 


As  above.  Common  orystal  growth*. 
Traces  of  polysynthstlo  twin  lamellae 
and  zoning. 


Fair  rhomb,  oleavage  and  major  den- 
‘  '  infll 


dritlo  fraoture  pattern  Infilled 
with  oalolte,  anhyd.  and  bit. 


Passive,  holooryst.  del. ^tending  te  Poorrhomb,  oleavage,  Extensive 


$ 


oryst.  size  In  seme  seotore. 


pattern  is  Infilled  with  oalolte, 
silt  and  bit. 


Massive,  holooryst.  dol.  oonslstlng 
of  ooarse  subhedral  and  euhedral, 
equlgran.  orystal  aggregates.  Com¬ 
mon  orystal  growths. 


Massive,  holooryst,  and  meroeryst. 
dal.  ana  dol.-ls.,  oonslstlng  of 
fine,  med.  (predaz.)  and  eearse  an. 
had.  and  subhed.  orystal  aggregates. 


Fair  rhomb,  oleavage  and  fraoture. 
Rare,  small,  lrratlo  vugs.  Infilled 
with  ooarse  euhedral  del.  and  ealetti 
orystal*. 


Poop  rhomb,  oleavage  and  fracture. 
Considerable  disseminated  light  gray 
silt  whloh  olouds  mosaic. 


As  above.  Traoo  of  orystal  growths.  Cleavage  and  fracture  as  above. 


Matrix  oonslsts  of  slightly  oaloareous, 
medlim  gray,  fine  silt  whloh  diffuses 
Into  and  olouds  the  aggregate 


Matrix  more  prenounoed,  oonslstlng  of 
oaloareous ,  light  and  dark  grey  silt 

— 4  — _  /■)  \  - - -4  -  -4. 


vauwDUB ,  eigne  and  uw,  am-. - 

with  varying  Iron  (7)  oontant,  plus 
fins  pyrlte. 


Matrix  as  above, also  containing  rare, 
fine,  anhedrel  crystals  of  dear  and 
frosted  quartz. 


Matrix  oontalns  less  slit)  diffuses 
Into  the  orystal  aggregates |  consi¬ 
derable  authlgenle  disseminated  pyrlte. 


Calcareous  and  silty  matrix  is  more  Rare,  small,  symmetrical  vugs  -  no 
praalnorrt,  also  fins,  anhed.  dear  fossil  traces, 

qtz.  Interstitial  Indus,  more  frequent. 


Structural  remnants  of  a  lobe  of 
Stronatopora,  shoring  fragments  of 
epithloa  and  eolimmar  structure. 


Indeterminable  shadowed,  symnwtrleal 
outline  with  apparent  midear  India. 
Slone. 


Coralline  structures  showing  tabulae 
and  pillars  whloh  have  been  replaced 
by  pyrlte. 


Matrix  as  above.  Is  mors  extensive 

sm^lsul.-lm  «-  ea.  «—.<!«.♦.  )„.l. 

of  the  fraoture  pattern. 


Slight,  lnelplent  matrix  of  slightly 


oaloareous,  gray  silt  whloh  dlfr 
In  part, Into  the  dolomite. 


Well  defined  matrix  of  oaloareous, 
fins,  light  gray  silt  and  orypteeryst. 
L.S,  Few  olear  quartz  and  organic 
Inclusion*. 


A*  abort,  with  varying  amounts  of  ln- 


Orbloular  and  osllular  fossil  forms 
1 1  nl  1  asm  dletlntjnlshnhls  — 


shade 


Probable  remnants  of  an  umbllleate  Qas< 
trepoda  showing  body  whorls  and  spire. 


Comm  oryst.  growths  and  predominantly 
ooarse,  subhed.  and  cubed,  orystalllza- 
tlon  Indicates  advanosd  stage  of  ra- 
eryet.  phase. 


T 


There  Is  eonslderabls  fins,  disseminated 
^rrlte  In  matrix  and  as  lvalue  Ions  I9 


soars*  dol.  orystal*  (authlgenle). 


The  persistent,  fair  and  good  rhomb, 
oleavage  and  fracture,  and  tight  oryst. 
a^re^ates,  directly  ro flout  oompaotlon 


Authlgenle  minerals  ^prylta,  oalolte 


end  traces  of  anhydr  i - 

qlss,  sffeots  of  differential  solution. 

lnolu- 


ar*  persistent  but  spars*  lnelu- 
a Ions  of  fins, gray,  organ 1*  dsbrls  and 
slit  In  the  interstlt .spaces  i  dol.orywt. 


Sao.  fraot.  and  subsequent  Infill 1 
with  «al«— fins- gray  a*’"  — *  •*“ 
debris  and  dear  quart: 

the  dolomite.) 


Treo*  of  crystalline  material  with 
a  fibrous  structure. 


Effeota  of  oompaotlon  are  notloablei 
orystal  aggregates  forw  a  very  tight 
■osal*. 


dlffe  ,  , 

_ seen  dolomite 

crystals  snd  matrix  Is  quits  appsrsa*. 


SS3&  and  diffusion 


Interstitial  and  lnoluded  silt  sontant 


Y  -  6 

-6212 

As  above. 

l 

<9 

t 

Mass  Its,  holoanrst.  dal.  tandlng  to 
baosma  more oryst.  and  modi—  In 
oryat.  slra  In  loaa  aactora. 

Poor  rhs-b.  oleavaga.  Extensive 
fracturing  whaae  dendritic  frost.  \ 

pattern  Is  Infilled  with  salelta,  > 

silt  and  bit.  ^ 

Matrix  as  above,  is  -ore  extensive 
particularly  In  the  hw— diets  local* 
of  the  fraoturo  pattern. 

Orfeleular  and  oellular  r— all  ferns 
vhloh  are  distinguishable  as  faint 

si— dews. 

S— .  frost,  end  subsequent  Infilling 
with  oale , .fine, gray  slit  and  fine  org. 
debris  and  clear  quartz  (diffuse  Into 
ths  dol— its.) 

Slight,  Incipient  — trlx  of  slightly 
eals-roous,  gray  silt  vhloh  diffuses, 
in  part, Into  the  dolomite. 

Probable  r— mints  of  an  t— >111— to  Gas¬ 
tropoda  showing  body  whirls  and  spire. 

Effects  of  a— pootloo  era  notleabloi 
orystal  aggregate*  fa—  a  very  tight 
maaalo. 

T  -  7 

-6214 

Light  grey 
ana  *— em 
buff. 

r 

i 

/ 

Mass  Its,  holooryst.  dal.  aonslstlng 
of  soar*#  atfchadml  and  ouhod— 1, 
oqulg— n.  aryatal  aggragataa.  Can- 
non  orystal  gr— ths. 

Fair  rhomb,  oloavag*  and  fracture.  S3 
Rare,  —all,  lr— tie  vugs.  Infilled  N 
with  so area  auhadral  dal.  and  ealelta  j 
erystals, 

sU 

Y  -  8 

-6217 

Light  gray 
and  ora an 
buff. 

Mass  Its,  holooryst.  and  asrseryst. 
dal.  and  dol.-la.,  aonslstlng  of 
ri— ,  mod.  (prod—.)  and  aaaraa  an- 
had.  and  subhed.  aryatal  aggra^taa. 

Fear  rhomb,  oleavaga  and  fracture. 
Considerable  dies  am  lnated  light  gray 
slit  vhloh  olsuda  aeaals. 

| 

1 

*ell  defined  —trlx  of  eeloaroo— , 
fine,  light  gray  slit  and  eryptearyrt. 
L.S.  Few  clear  quartz  and  organ lo 

Trace  ef  crystalline  notarial  with 
a  fibre—  stiustaro. 

Roe  ryot,  is  la—  e— plots]  differential 
solution  aid  diffusion  batsmen  dal  motto 
crystals  and  —trlx  Is  quits  apparent. 

As  -bovo,  with  varying  amounts  of  In¬ 
sisted  fine,  anhad.  oryst.  of  clear 
gtx.  and  test  gray  org-nle  debris. 

Nom 

Interstitial  and  Included  silt  contort 

Y  -  9 

-6221 

Aa  above,  ba. 
sonlng  me— 

light  gray. 

Aa  aborv*.  Traoa  of  oryatal  giiarlhe. 
Trass  of  pelysanthotlc  twinning  and 
laisollaa,  oloar  anhad.  qtz.  and 
garnat  Inclusions. 

Cleavage  and  fracture  as  above. 

Slight  mottled  effeet  due  to  silt  | 

and  Iron  (?)  oontont.  S 

 | 

CwratalU—  tartars  la  mar*  amarasi 
ollty  denstltusrta  —  1—1— la—  and 

In  Interstitial  spas—  arm  mars  rare* 

Y  -  10 

-6224 

• 

\> 

i 

As  abovot  b ooomlng  mora  ooaraa.  orysl 
and  mora  subhadral.  Thora  Is  lass 
slit  lnoludsd  In  ths  dol.  oryat. 
aggregates . 

.Fair  rhomb,  cleavage.  Trace  of  fno-^ 

haring.  Rare,  small,  lrretlo  vugs,  n  ' 
Infilled  with  ooarse  ealolts  and  dol,  IS 

Matrix  consists  of  s-lsaras— ,  fine, 
light  gray  silt  and  fine,  crypt— rywt. 
dol.-ls. 

raw  s—ll  ay— atrisal  vugs  infilled 
with  oalelte  and  anhydrite. 

Y  -  11 

-6228 

Light  and 
mad lvm  gray 
and  orsam- 
buff  In  part. 

i — 

i 

9 

i 

Massive,  holooryst.  dol,  and  maro-  Fair  rhomb,  eleovag*  and  dendrltls  ^ 
oryst.  dol. -Is.,  consisting  of  In-  fracturing  pattern,  Infilled  with  bj 
equlgran,,  fine  to  ooarse,  anhad  ml  dol.  oalolta  and  orypto.  Is.  S 
to  subhadml  oryatal  aggregates.  | 

Matrix  of  oeloaroous,  light  gray  silt 
and  oryst m rywt.  la.  varlas  -  lasraas- 
lng  In  the  del.  la.  pbas a. 

Algal  r— nuts  partially  replaced 
by  pyrlto. 

Crystal  also  and  tsxturs  war  1m  frem 
fins,  orypt— ryot,  in  the  dol.-ls, 
ptasa  to  eon— o,  auhadral  in  tits  del. 

Phase. 

Y  -  12 

-6232 

Kb  abov«. 
mort  H«nt 

i — 

d> 

\ 

\ 

As  above,  tandlng  to  ba  mora  ooaraa, 
oryst,  mora  equlgmnular  and  more 
subhadral*  Rare  oryatal  growths , 
zoned  crystals  and  twin  lamella*. 

Fair  rhomb,  elaavags  and  fracture. 
Mottled  In  part  due  to  Increased 

Iron  (T)  oontont. 

Matrix  aa  abevs.  Few  Inclusions  of 
fins,  anhad.,  alaar  and  frosted  q— rtz 
crystals  and  organ  lo  debris. 

Hon 

'extending  into  ths  del— its  phase, there 

Is  —  increase  In  ths  mat  of  ant  hi¬ 
rer  lo  pyrlto  (dlss— i— tod  and  nodal—)* 
ealolto  and  anhydrite. 

Y  -  13 

-6241 

C— em-buff 
and  minor 
light  gray. 

T 

\ 

1 

Massive,  holooryst.  dol.  oonslstlng 
of  mad.  and  ooaree  equlgran,  euhad. 
and  subbed,  orystal  aggregates . 

Traoa  of  garnet  Inclusions. 

Oood  rhomb,  elaavaga  and  fmoture. 
Common  email  vugs,  Infilled  with  ^ 

ooarse  euhod.  dol.,  ealolto  and  an-  ; 
hydrlto. 

1 

Tnolplocrt,  oaloeroous  and  silty  —trfcq 
sryptoo ryot.  la.  In  part]  sparse  In¬ 
terstitial  Inclusions. 

Apparent  f— all  shads—  of  a  tabular 
aid  oellular  struoture. 

ldvonoed  —oryat.  is  apparent]  dif¬ 
ferential  solution  ana  diffusion  la  all 
a  mlnlsnn. 

V 

H 

1 

-6247 

Modlun  and 
light  grey. 

i 

l 

<P 

1 

Msrosryst.  and  holooryst. ,anhsd,  and 
subhod.,  fins  to  ooarse  eryst.del. 
and  dol.-ls.  lnfussd  with  erypt*.  to 
ooarao  oryat.  Is.  and  anfyd. 

Major  fraoturo  pattern.  Infilled 
with  orypto.  to  ooaraa  oryst.  la. 
and  anhyd.  ^ 

Pranouneed  —trlx  of  silty,  erypto- 
srywt.  la.  sad  fins  to  eoarsa  oryst. 
—lydrltai  traces  of  pyrlto. 

Corelli*  structure  which  is  elm  liar 
to  Plasm  opera  (a  colonial  coral ) . 

Ths  str—tu— s  and  toxturos  pros— 1  — 
—til—  of  apparent  alto— tl—  aad  re¬ 
placement  structures  of  largo  f— all 
units. 

Y  -  15 

-6252 

As  abava. 

4 

_  i 

A*  abovet  dol.  and  del. -Is.  toxturos 
and  struoturas  tend  to  ba  mora  road, 
oryst. ,  lnaqulgran.  and  mors  anhad. 

Major  vugs  and  fracture  pattern  in-  3 
filled  with  Is.  and  azdyd.  as  above,  J 
with  traess  of  pyrlto  and  bit.  ^ 

£ 

Matrix  as  above  -  diffuses  Into  tha 
dal— Its  and  dol.-ls.  phases. 

Trios  of  fibrous  and  oellular  fossil 
units  replaced  by  anhyd. 

As  above!  anthlgania  —pi— art  of 
fossil  units  by  limestone,  oalelte,  art 
anhydrite  .  Bit—  is  prsvolsnt. 

Y  -  16 

-6259 

Craan-buff 

* 

1 

Massive,  holooryst.  dol.  oonslstlng 
of  mod.  and  ooaraa,  equlgmnular, 
subhadml  and  anhad— 1  oryatal  aggre¬ 
gates. 

SS 

Fair  rhoife.  elaavags  and  fraoturo,  S\ 
Rare  small,  lrratla  vugs.  Infilled 
with  oalolta. 

Matrix  consists  of  slightly  oale. 
modi—  gray,  fine  silt,  which  dif¬ 
fuses  in  part  Into  ths  dol.  aggrog. 

No — 

Undent  ohongee  in  oryst.  texture  due 
to  growth  of  small  crystals  into  a 
loorsor  orystal  aggregate. 

Y  -  17 

-6263 

Crsam-buff 

I  ~ 

4> 

/ 

/ 

As  above,  b oooming  mora  auhadral  and 
mora  ooaroa  oryst.  Frequent  orystal 
growths.  Trace  of  twinning  and  zon¬ 
ing. 

Good  rhomb,  oleavaga  and  fraoturo.  S 
Common  pyrita  oonoretlons.  § 

1 

Matrix  as  above.  Slight,  variable 
—ousts  of  iron  (t)  hove  prod— ad  an 
lnolplent,  mottled  off— t. 

No— 

Crystal  growths  a—  prevalent.  The— 
a—  oi——  1— luslom  of  ft—,  anhad. 
ulaar  and  frosted  quartz,  aad  trooam 
of  organ  1*  debris. 

Y  -  18 

-6266 

Mad  1  tan  and 
light  gray 
to  ora  am  - 
buff. 

T 

♦ 

t 

Holooryst.  and  merooryst.  dol.  and 
dol.  Is.  oonslstlng  of  lnequlgran. 
fins,  anhed,  to  ooarse, subhad.  and 
euhad.  oryat.  aggregates. 

Poor  rhomb,  oleavaga]  major  dendrl- 
tlo  fracture  pattern  (altered  and  Ss 

replaced  fossil  struot.) 

Matrix  varies  from  fine,  silty,  orypto. 
Is.  to  o oars or  anhed.  crystals  of  an¬ 
hydrite  and  ealolto. 

A  similar  coral  lisa  struoture  te 
Halysites. 

Structure a  and  textures  out 11—  an 
apparent  alteration  and  —pi— smart 
of  major  fossil  units. 

Y  -  19 

-6272 

Light  groy 
and  o roan- 
buff. 

\ 

J 

Massive,  holooryst.  dol.  oonslstlng 
of  equlgran.,  subhodral  and  euhedral, 
ooarse  orystal  aggregatos.  Common 
oryatal  growths. 

Good  rhomb,  oleavage.  Rare,  small,  Sj 
lrratlo  vugs.  Infilled  with  ooarse,  sj 
euhod.  oaloite  oryst. 

lnolplent,  slightly  oeloaro ous  and 
silty  matrix  with  rare  Interstitial 
lneluelo—  of  fins,  oloar  quartz  and 
organ  lo  debris. 

No— 

Intimacy  of  orystal  morales  and  aiinie 
gates  —fleets  the  effeots  of  differen¬ 
tial  oompaotion. 

-< 

1 

o 

-6280 

Light  gray 
whit a  and 
oraam-buff. 

a 

i 

oryptooryst.,  merooryst.  and  holo¬ 
oryst.  anhydrlts,  dol.  and  dol.-ls. 
Diffused  In  Immediate  oontaots. 

Major  fraoturo,  alteration  and  re-  ^ 

placement  patterns.  Rare,  small 
vugs  Infilled  with  anhyd.  ^ 

1 

Matrix  la  variable  in  extant  and  con¬ 
stituents!  from  lnolplent,  fine,  oale. 
silt  to  prod— .ooaraa,  oryst.  anhyd. 

Few  indistinct  shadows. 

Differential  solution  offsets  are  pr*- 
1— Irani  la  ths  replme  ament  art  In¬ 
filling  of  major  del.  struot.  with  anhyd. 

Y  -  22 

-6317 

Crsam-buff 
and  light 
gray. 

) 

Massive,  holooryst.  dol,  oonslstlng 
of  mad.  and  ooarnt,  equlgran.,  sub- 
hedml  orystal  aggregates.  Frequent 
orystal  growths. 

Fair  rhomb,  cleavage  and  fraoturo 
pattern]  rare  large  vugs  Infilled  5$ 

with  ealolte  and  anhyd.  § 

lnolplent,  slightly  calcareous  and 
silty  —trlx  vhloh  diffuses  In  part 
lnts  tha  dol— Its  oryst.  aggregate. 

Nans 

ganl**alns— la  1—  luds  salefts,  a^^^ 
rite  and  fin*  pyrita. 

Y  -  23 

-6321 

Medltm  and 
light  gray  - 
buff  oroam 

In  part. 

( 

I 

b 

Holooryst*  and  merooryst*  dol*  and 
dol*«ls*f  consisting  of  fine  anhed. 
to  predominantly  moa.  and  ooarse 
subhed .  and  euhod,  oryatal  aggregates 

Fair  rhomb,  oleavaga]  major  f—ct.  § 

pattern  and  large,  symmet.  vugs  have  SJ 
been  infilled  with  oalelte.  § 

L 

Variable  —trlx  consists  of  silty, 
oryptooryst.  and  fin#  oryat.  la.  with 
mre  Interstitial  Inclusions  of  qtz. 

Coralline  structure  with  reticulate 
pattern  -  similar  to  vortical  sostl— 
of  Stre— ■ topa— . 

I— —as ad  iron  (T)  oontont  has  —suited 
in  a  slightly  mottled  off—t.  Dif¬ 
ferential  solution  offsets  a—  apparent. 

Y  -  24 

-6331 

Ab  above  I 
more  darlc 
gray. 

i 

\ 

\ 

Massive.  merooryst*  dol*  and  dol.-ls, 
oonslstlng  of  fine,  onhed*  and  ooarse 
subhed.  orystal  aggregates*  Common 
inclusions  of  qt*.  ana  organ lo  debris 

Poor  rhomb*  oleavaga  and  fraoturo*  o 
Material  is  dense  with  no  vugs  and  ^ 
poor  visual  porosity.  ^ 

Matrix  as  above  with  mars  frequent 
Interstitial  inclusions  of  fins,  anhed. 
oloar  quartz  and  ergon lo  debris. 

Trees  of  indeterminable  fossil 
shad  on. 

Alt*— tion  and  —o rywt.  phase  of  la. 
ts  dol.  la  aaphaslxed]  allogenl*  in- 
isluslo—  of  fine,  oloar,  anhad.  qtz. 

(and  trace  of  garnet)  a—  —re. 

Y  -  25 

-6335 

Med  inn  and 
light  gray, 
oream  -  buff 
In  part. 

\ 

!P 

1 

Massive,  holooryst.  del.  and  dol.-la. 
oonslstlng  of  mad.  (predom.)  and 
ooarse  annod.  and  subhed.  orystal 
aggregates. 

Poor  to  fair  rhomb,  oleavaga.  Some  sk 
mottling  due  te  varying  oontont  of 
iron  (7),  no  silt,  §1 

S 

- 

1— trlx  consists  of  slightly  silty 
oryptooryst.  and  fine  oryst.  La.  with 
Interstitial  inclusions  of  oloar  qtz. 

Noes 

Similar  offsets  aa  above  a—  observed. 
Color  variations  and  mottling  a— 
prevalent. 

Y  -  26 

-6340 

Ab  above* 

1 

1 

© 

1 

As  above.  There  are  frequent  tryst - 
growths  and  oooaslon&l  inclusions  or 
fine  onhed*  olear  qtz.  (Traoa  of 
gamot ) . 

Pair  rhomb*  cleavage)  slight  dendri-  § 
tio  fraoturo  pattern  and  rare  vugs  vs 
with  ooarse  oaloite(ei^rstal- ^ 

Matrix  as  above,  more  oryptooryst. 

Rare  small,  symertrleol  vugs.  Infilled 
with  ooaraa,  crystalline  oalolta* 

Similar  to  above.  Crystal  gr— tin 
can  bo  observed  in  differ* nt  stages 
of  r— rystalllzatlsn. 

I  Y  -  27 

-6352 

Medltn  and 
light  gray  - 
oraam-bufr. 

1 

<J> 

1 

Massive,  holooryst.  dol.  aonslstlng 
of  mod  inn  (predom.)  and  ooarse  arw 
hedml  and  subhedral,  crystal  aggre¬ 
gates.  Common  orystal  growths. 

Pair  rhomb,  oleavaga]  slight  den-  ^ 
drltlo  fraoturo |  rare  large  vugs  S 
Infilled  with  eoarst  oalelte.  ^ 

Incipient,  light  gray,  silty  and 
oryptooryst.  dolomltlo  la.  —trlx. 

Spar *s(  oloar  quartz  and  organ la  debris 
Interstitial  Inclusions. 

Struoture  similar  to  Bzyox—  showing 
z oar  la  and  zooooial  opening. 

listens  1—  crystal  growth*  Indicate  a 
nsra  advanced  stags  of  — crystalliza¬ 
tion.  Differential  solution  is  elicit. 

1  Y  -  28 

-6356 

As  above)  be¬ 
coming  more 
medium  gray* 

1 

t> 

Massive-  holooryst.  dol.  (merooryst. 
in  part),  oonslstlng  of  equlgran. 

v predom.)  and  ooarse-  onhed. 
and  subhed.,  orystal  aggregates* 

Pair  rhomb,  oleavaga  j  major  dendri- 
tio  fmoture  pattern)  few  small  vugs  § 
infilled  with  ooarse  oaloite  and  an-  \> 
hydrite.  N; 

1 

Matrix  of  highly  silty,  fine  and 
aryptaoryat.  la.  la  mere  pronounced. 

Faint ,  Indeterminable  too  oil  shads—. 

Allogon Is  silt  is  pr— 1— ot  as  both 

Into— tltlal  and  oryatal  1—1— ions 
also  i—rs aaa  in  Included  quartz  and 
organ  la  debris. 

1  IMPERIAL  CLAIRMONT  - ~ - ^ 

C  -  8 

-8264 

Medium  cuad 
dark  groy* 

<P 

1 

1 

Massive,  merooryst.  dol.  and  dol.-ls. 

oonslstlng  of  oqulgran.,  mod. (pro den, 
and  o oarse  subhed.  orystal  aggregates 

Fair  rhomb.  olaavag*|  slight  fraot. 
Ths—  Is  a  fine,  rude  bedding  duo  to 
variations  in  slit  oontont,  and 
texture. 

I 

1 

1 

1 

The—  la  a  pronoun  ed  matrix  ef  dark 
gray,  ealeara ous  slit  and  silty  Is.] 
alas  eons—  qtz.,  opaques,  aad  er—nl* 
debris  oontainsd  as  lnts— tit.  zit. 

Algal  unit  shleh  has  be—  alts— d 

and  —pi— ad  by  oaloite  and  pyrita* 

Kaos  asaaing  a—  wa—oa  appnm— n  i— 
i  ndicate  lagoo—l  oondltlo—  |  looks 
liaxtu— a  and  atrua tu— a  ef  —a fold 
complexes. 

C  -  8A 

-8265 

Medium  and 
dark  gray. 

( 

1 

> 

Massive,  merooryst.  dol.  and  dol.-ls. 
becoming  mo—  lnequlgran.  and  grading 
to  fine  oryst.  In  part. 

Poor  rhomb,  oleavaga  and  fracture . 
Rude  bedding  as  above.  Trace  of 
pyrlto  oo—— tlo— . 

1 

1 

As  abovs,  lass  silty,  nor*  oryprto- 
oryet.  aad  fine  oryst.  Is.  pli*  In¬ 
terstitial  inclusions. 

Non* 

Although  tha  off  acts  of  oomp— ti¬ 
ll—  apparent  In  th*  origin  of  tha  bate 
<llng, tight, —oryst.  tenet,  gen.  hbsart. 

C  -  9 

-8267 

Medium  and 

IS.  S3 

< 

) 

As  above)  tending  to  bo  more  anhed. 
and  mod.  in  oryst*  elzo*  Cannon 

t^fiLfiiE1?’*  TrM*  of  r'*™**- 

Fair  rhoob.  oleavagoi  slight  fraot. 
Rude  bedding  as  aborv*|  mottled  pat¬ 
tern,  perpendicular  to  bedding. 

| 

1 

1 

I 

As  abovs,  becoming  me—  silty  with 
similar  into— tltlal  material.  (All*, 
genie  and  authlgenle.) 

A  email  pseudo-cellular  str—tu—  - 
—  determinable  remnants. 

Although  matrix  Is  wall  developed,  dif¬ 
ferential  solution  off— ts  In  tha 
dolomite  »gg— gates  a—  only  alight* 
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CROSS  SECTION;  CLA;R  MONT  -  STURGEON 

lake  -normandville 

SHOWING  REEF  DEVELOPMENT  ON  THE 

COOKING  LAKE-BEAVERHILL  LAKE (EQUIV.)  PLATFORM 

IN  THE  WOODBEND  ( IRETON)  GREEN  SHALE  BASIN. 
DEPTH  TRACK  =  CHEM.  COMP.  (PERCENT) 

DATUM;  TOP  OF  IRETON  GREEN  SHALE 

SCALE ; 

vertical :  i  in.  =  ioo‘ 
horizontal:  1  IN.  =  16  M. 

1  prFM n  G.A.  LESL,E 

LEGEND  APRIL  2,1955 

DOLOMITE  . . I3BSM 

LIMESTONE  . -■&  1 

INSOLUBLE  RES. - lUtlS 

AMERADA 
CROWN 
"0"F  33-32 


